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AMERICAN SOCIETY OF CIVIL ENGINEER 


ORCED ¢ CONCRETE SKEW ARCH 


I—Analysis of the Stresses in a Arch: A 


Approximation, and Extension of the Original ‘Theory Charles 
Rathbun, M. Am. Sor Soe. E.; with» a | Numerical 


REINO! 


“Rigid Frame” with Ends; W 

The ‘text contains a practical description of a method of designing s skew 


Parts of it are the theory first presented by Professor 


Ra thbun, with special adaptations developed from e2 experience in the drafting- ‘ 


pee 


ab Complete derivations of formulas are given for symmetrical | and and unsym- 


: metrical, and for fixed and two- hinged arches. - ‘theory | for p proportioning 
the Sections is developed which i is believed to be e: entirely new. " An approximate — , 
 hort- cut’ > for designing Rigid Frames also forms a part of the paper. 
iq Numerical examples are given to demonstrate the theory. >. 7 
_ the has that his readers: shave a knowledge of the 


— than the exception. past practice of locating ina high- 
way on each side of a bridge in order to eliminate the s skew, ‘is no longer — 
feasible because of the high speed of the present ¢ automobile traffic. The 
Recessity 0: of a scientific method of designing skew of the solid barrel 
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OF A ‘SKEW AR EW ARCH Papers 
Analysis. of the a Sk ew Arch.—Until recently, very little was. 
known about, the action of a skew arch. ih 1924, J. Charles Rathbun, M. Am. ‘ 
Soe. OC. E., published his theory. for the analysis ‘of skew frames.2 This paper 
gave a hand at for computing the total moments, thrusts, and shears acting — 
on any y section o: of the skew ip ening to the abutments. = The theory, a as 4 
: presented, applied only to symmetrical skew frames fixed at the abutments. — ‘At 
the request of Arthur G. Hayden, M. Am. Soe. C. E, Designing Engineer 
of the Westchester County Park Commission, Professor Rathbun rewrote and 
extended his theory to include symmetrical structures hing ed at the abutments. 
The latter also furnished a 1 computation for the crown stresses of a hinged, 
_rigid-frame structure for the crossing of the Hutchinson River Parkway — 
Mamaroneck Road, Westchester County, New York (span, 56 ft.; skew 
pone 33° 1. _ These manuscripts were checked by or vu under the ‘direction of 4 
“Henry G. Babcock, M. Am. Soe. C. E., of ‘the Design Division of the 


7 
mission. This work has never been } 


ie By actual experience in the drafting- -room, it was s found advisable to ) revise 


the: form of. ‘the equations for the analysis of the skew arch, and to make . 


certain : approximations suggested by Professor Rathbun. ‘Part I of this paper 


concerns itself with this problem and also completes the theory by extending it 
to include unsymmetrical skew frames, both fixed and hinged at the abutments. 


A numerical example for a two- -hinged, symmetrical rigid frame is also given. 
Theory -Proportioning Sections —The theory developed Professor 


gave merely the total moments, thrusts, and shears acting on 
section of the skew frame p: parallel to. the abutments. 

problem of distribution except in a general way. Various suggestions were 

3 made as to the distribution of the : stresses produced by t these forces and couples, 

and as to the method of proportioning the sections to resist these stresses. 

7 : Upon examination, these suggestions were found to be unsatisfactory and, in 


most cases, scientifically ‘unsound. Several theories for proportioning the 


sections is were. compared numerically anc and found to, give) widely y varying r¢ results as 
to the ‘amounts and locations of the steel areas. ‘Part a ‘theory 
stress distribution and proportioning of the sections, which has been 


developed by the writer, and, although not entirely exact because of certain | 
assumptions (especially with | ‘respect to the | _ torsion moment), it is believed 


a. ‘This part ” the paper first develops. the theory of the distribution of the 
- stresses produced by the various forces and couples acting on a section of the ; 

_ skew frame. It then discusses the ‘method of determining the location of the 

maximum s stresses. In the case of a right arch the steel is perpendicular to the 

- section to be designed which may be called the design plane. In the case of 

the skew at arch, the steel may not be perpendicular to the section. The effect 
of the angle that the steel makes with the design plane upon the stresses and © 

is determined. The ‘usual flexural formulas for designing a 

right reinforced concrete section, therefore, do not apply, and new formulas 

developed. application of these formulas is explained by numerical 


ws 
*Pransactions, Am. Soc. C. E., Vol. LXXXVII (1924), 611. 
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Crown Stresses in a Someteieil Skew Rigid Frame with Hinged Ends.— — 
‘The Westchester County Park Commission builds very extensively a type of 


structure known as “Rigid Frame”, developed by Mr. Hayden. 


the total , thrusts, , and to not more re than. ‘that required 
te aright arch. This “short-cut” does not extend, however, to the proportion- 
- of the sections. Since the ‘ ‘rigid frame” ‘ is now being used by others besides — 
the Westchester County Park Commission, this ‘ ‘short-cut” is presented | here 
with an illustrative numerical example. —6«dAt is possible that. a similar approxi 
= can be made for the fixed symmetrical, and for the fixed and = 
wed unsymmetrical, “rigid: frame”, but no data are available to determine — 
‘PART ART I—ANALYSIS. OF THE ‘STRESSES IN A SKEW FRAME 


The skew frame is a statically indeterminate structure containing forces } 
‘and moments which in general cannot be ‘made parallel to a single plane. 
They must be analyzed, therefore, i in three ‘Seemsinns instead of in two as is — 

done in the case of the right frame. The skew of the structure introduces 


forces and moments which either do not exist at all in a right frame or are 


~present only i in a small degree. For example, compare the two structures 


shown i in plan i Fig. an 


Rr Re 


PLAN OF ARIGHT FRAME PLAN OF ASKEW FRAME 


_ Fic, 1—ComPaRISON OF FoRCES ACTING IN A RicID FRAME WITH THOSE IN A SKEW FRAMB. 


| In Fig. 1@) the vertical load, P, produces the horizontal reactions, Re, 
-_ have the same line of action and, therefore, balance each other. In 


g. 1(b), the two reactions, R ., do not tend to produce translation, but 


formed by the two horizontal shears, Re, and by the e twisting 
in both footings, Ny Similarly, the vertical reactions, R,, in Fig. 1(b), form — 

-a couple with the load, P , which i is resisted by a couple at each footing in the _ 
planes parallel the abutments (not shown in the diagram). These 
couples i in the footings produce unequal soil pressure between one end the 

footing and the other, exactly similar to the case of a retaining» wall. In 

the skew frame, therefore, there are three additional reaction 
which do not exist in a right arch for a load placed symmetrically with respect — 


to the spandrel walls. The numerical values” of the reactions are — 
indeterminate nd “depend upon the geometric of the 
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DESIGN OF A SKEW A 
additiona stresses throughout 

In a a right arch it is customary to take a section of unit 
In the case of a skew : arch, the structure must be considered as a whole. - Tn 
. ‘doing this, it is assumed that the load is 5 distributed « over the width of the arch — 
_ ring; otherwise some error is involved. » In the study prepared for the West- a 
a chester County Park Commission, Professor Rathbun states that recent experi- 
B= ‘ments, some conducted by him and some by George E. Beggs, M. Am. Soc. 
men E., , show that in an arch the error in this $ assumption is negligible. As the 
% Seisindt investigated here : are arched and not flat slabs, this assumption of dis- 
_ The theory presented herein differs in several minor respects from the 
oe ‘original theory. In the a analysis of a a right arch, the shear and thrust , deforma-— 
tions are usually neglected, because they are small compared with the bend- 
ing deformation. — Similarly, in the skew arch, two shear deformations, one 
a thrust. deformation, and the bending deformation about the radial axis at a 
‘point 4 midway b between the spandrel walls are neglected. theory is there- 


fore approximate, but it is s sufficiently accurate, for design | purposes, | 


1 


system of s signs used i is different from that used in the original. This 


> 


change is ‘made after rat thorough study of the “question with the ne view of | 
facilitating the use of the ‘theory i in the drafting- -room. . For a similar reason, : 
some of the details of the derivations are also changed. ‘eh seat hint aon 


= 
Consider the arch as fixed at the left Wentiiniece and free to move at the 


right abutment, that is, a curved cantilever beam fixed at the left end. When 
a load is applied to the arch it will ll deform, causing the right abutment to 
deflect relative to the left abutment. Now, let a force be applied at the free 

- end so that it returns to its original position (or to any position imposed by © 
the condition of the ends). force must then be equal t to the reaction 

¥ which would be induced at the: right abutment if it were prevented from — 

deflecting u under the lo load. The problem then becomes one | of ‘determining 
the amount, direction, and ‘point of application of a force ¥ which, applied to the 
_ § free end of the cantilever, will produce a deflection equal and opposite in in direc- 


a = a In general, the reaction at the right abutment (which will hereafter be 
= “4 designated as the reaction) will be an eccentric force inclined to the plane of 
- “the abutment. This force is replaced by a a force and a couple acting at the 
“center of abutment, and then each is resolved into its components 
directions of the three ‘major co- -ordinate axes. Thus, , there are unknown 
quantities for the evaluation of which six equations are required. | 
_ The angular deflections and linear deflections of the right abutment relative — 


to 0 the left abutment. can each be resolved into its in the 


certain physical characteristics of the frame. 


|. 
4 
t 
17 
a 
— 
: 
| 
n 
tm is ¢ 
ritten in terms of the unknown reaction components, the external loads, and 
= Since the deflection due to the 


Ja 


_ loading must be ‘equal to that — to the reaction, ‘six equations are obtained. 


These apply only to the fixed arch. wb 
For the _two-hinged arch, the fact that the right abutment is hinged 
prevents. ‘the assumption that the angular deflections about the Z-axis are 


equal; and the fact that the left abutment i is hinged prevents the oo 7 


a) PLAN 1 OF OF THE ARCH; RIGHT - HAND SKEW 


adi 


PLAN OF PORTION OF THE ARCH; LEFT-HAND SKEW = 
P Fie. -—D1aGRaM ILLUSTRATING EFF ECT OF THE DIRECTION OF SKEW. | 


As previously stated, a _ comprehensive of question of signs has 


which ‘appear in derivation, but do not occur in final wyontions. 
directions of the forces co-ordinates are all referenced to the 
- geometric properties of the structures, rather than to directions in space. For 
Te, which i is the horizontal shear a at the crown parallel to the Z-axis, 
is defined : as positive toward the obtuse angle of the section m on which it it is. 


‘the same sign it With to the 


7 ESIGN A ARCH 
n 
equations can be obtained from statics. With these two additional equations, 
‘ 
whe 
by, 
rom 
ning 
t the Ih this derivation there are factors the signs of which are more or less awk- ; a oe 
uired. 
lative 
to the but it would keep 


obtuse angle ef the remain the same. both Fig. nd 
: ‘Fig. 2(b) it should be noted that My produces compression at the obtuse — 


corner of a left section and at the acute corner of a right section. © a ee 
any point on the neutral surface “hie ‘ring 
vertical plane which i is half way between the ‘spandrel 
aft va x, y, 2 = the co-ordinates of P referred to axes oo the crown for 
=_— symmetrical arches, as shown in Fig. 5. The co-ordinates, © 
x and y, are always positive, and z is scdtties in the direc- — 
_ = toward the obtuse angle of the crown sections, so —_ 
ea ; when the right half of the arch is revolved about the line © 
f symmetry to the position of the left section, the 
ordinates will be the same. For unsymmetrical arches, 
the origin of co-ordinates is taken at the “center of the 
right abutment, as shown in Fig. 9. 
hw _ » = the co-ordinates of the crown center referred to the tangent 
ae... radial planes through P and parallel to the plane, 
zg = 0, u being parallel to the radial plane, and v, to the 
tangent plane. Their signs fixed bed the equations, 


and v = & cos 
respectively, 


right and their signs are fixed by (3) 
8 = the length of an elementary parallelopiped measured on the © 
square along the neutral sur face. 
“rise of the neutral surface. — 
half span of the neutral surface measured o on the square. a 
width of the ring parallel to the Z- (on the 


= the tangent of the skew angle and is always 
= = the angle of the slope of a plane tangent to the neutral sur- = 
‘va _ face at P and for the symmetrical arch is always positive 
7 (See Fig. 4). For the unsymmetrical arch, it is positive 
to the left and negative to the right (See Fig. Se 
<3 moment of inertia of the area of the ring cut by a radial 
wane plane through P and parallel to the axis of the barrel 
(Z-axis), about a horizontal Tine through P > and lying in 
iE = modulus of elasticity in tension and compression. 


th Modulus of elasticity in compression wale 

Modulus of elasticity in shear 


thes x and y-co-ordinates of a load point (and apply or to 
piigwtgha orator the left half of the arch for the symmetrical arch). __ 
= the components of the crown thrust parallel, respectively, 
to the X-axis, Y-axis, and Z-axis. The component, is 
positive when it produces compression; T, is positive away 
the center of curvature (upward) on the left section, 
toward the center of curvature (downward) on the 
if right section of the crown; and 7, is positive toward the 
eps tif 
obtuse angle of section on which it is acting. 
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My, of the ex crown moment about the 
-axis, and Z-axis, respectively. The moment component, © 
a = ots ‘positive when it tends to make the obtuse angle of 
, & section on which it is acting move toward the center of 
curvature; M, is positive when it produces compression at a 
the obtuse angle of the left section, and tension at the 
par - obtuse angle of the right section, of the er own; and M, is — 
“positive when it produces compression in the extrados 
ty the components of the thrust acting on the surface eut by 


= 
7 


_ the radial plane through P, parallel to the u-axis, v-axis, 
_ and z-axis; t, is positive away from the center of | eurva- 


tur a left section, and toward the center curvature 


a right secti-u; is positive when it produces com- 
a pression; and ¢, is positive toward the obtuse angle of the 


= ™ My, Me = the components of the moment acting on the surface cut by 
radial plane through P, about the u, and 
respectively. The moment component, m,, is positive when 

| é it causes compression at the obtuse angle of a left sec- 
tion, and» tension on the obtuse angle.of a ‘right section; 

my is positive when it causes the obtuse angle of the sec- - 

— tion on which it is acting to deflect toward the center of _ 


_ curvature, and m, is positive when it produces el 


the that, = 00°, = m, = Ny, 
deli: dws and m, = N,; thus making N 2 positive when it tends to 
can the obtuse angle move up; N, positive when it tends 
sto make the obtuse angle move inward; and NV, positive 
when it ‘produces compression in the extrados fibers. 
dad y = the differential angular deformation of the right face of an 
_ ¢lementary parallelopiped relative to the left face about the 
-v and z-axes. The positive directions of these fac) 
are the same as the positive directions of the moments — 
aa ohh produce them acting on the left section; that is, My 
«Oa, Oy, 6g = the angular defiections of the center of the right ins 
relative to the left abutment, about the xz, y, and z-axes, 
‘respectively, and they are positive in the same directions 
as M,, M,, acting on the left section of the crown. 
These symbols may have superscripts (R, H, or W), indi- 
eating whether the deflections are produced by the reactions, 
the horizontal loading, or the vertical loading, 
Ay, = the linear deflections of the center of the right abutment 
; - yelative to the left abutment parallel to the z, y, and 
_g-axes. The deflection, is positive to the right, 4, is 
en re positive upward, and 4, is positive in the same direction as 
the Z-axis for the right half of arch. These 
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fixed by the relation that for = 90°, t, = R,, ty = Ry and 
t,= R,; thus making R, positive to the right; R,, positive 
upward; and R,, positive toward the obtuse angle of the 
the right end of the structure as seen in Plann 
J N,N,N, = the moment components of the right reaction abo = as 
su- 1 
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1 in b 1 


the angular the 
, in which, @ is the rotation ; 


the Tength of the ‘shaft; J 


T 


be computed from. the formula, a = —, in which, has the ren 


in Equation (1). As the value of F enters | quite prominently into the equa- 


tions, reference is made to Bulletin No. 3, Faculty of Applied Science oot 
a __Engineering, g, , School of Engineering Research, University of Toronto, Toronto, 


Consider ‘the arch as fixed at left abutment and free to move at 
right abutment. Let the arch ring be cut by a a - series of radial planes. ‘These 
planes may be considered as cutting g the ring into blocks of lengths, S, eal the 
portions enclosed between sidjscent, planes as acted upon and deformed by the 
"forces on the section between the block and the : right abutment. Each block 
is subjected to the thrust and moment at the right abutment and the known 
loads, and deformed by them. The resulting deformations of each block 


causes the right abutment to deflect relative to the left abutment and the total 


‘The derivation of the formulas falls into four steps. is necessary to 


whiny —n The stresses produced a at the center of the block by the loads, and 
the reactions at the right abutment. 
—The deformation of the block due to these stresses. 
8.—The deflections of the right abutment relative to the left 
 4(a).— 
- ve are equated to the deflections produced by the loads. 
4().—For the two-hinged arch, two additional equations are. 


In) the first case “considered herein, the structure is symmetrical about a 


--vertical line through the crown. | For the sake o of simplicity, the ¢ origin of the 
3 principal « co-ordinates is taken where this line intersects the neutral surface 
~ and will be designated as the point, C. The Y- “axis: is vertical, the Z- -axis i is a 


Tate 


4 parallel to the axis of the barrel, and the X-axis is normal to the other two. 


iin 
| 
which may be written the 
| 
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Owing to ‘the symmetry of the structure, the final simplify if 
_ written in terms of f the ¢ crown stresses: rather than in terms of the reactions. ; 
| For this and other 1 reasons, as will be seen 1 later, it is more convenient to find 
the forces acting on a block at its center, P first in terms of the crown 


stresses sand then to transform the e resulting ee in terms 1s of the reactions. 


“wh 
SIDE 


rts by a al plane C, the half arch 


“find the stress at the section the crown and P is ‘thee as a 
body: (see Fig. 5). ‘As it must be in equilibrium, the sum of the forces ] parallel an 
to each | axis and the sum of the moments a each axis must equal: zero aS 


a 


SECTION NORMAL | 
TO ABUTMENTS 


nit 


rresponding block on the right half. “The blocks, therefore, are it 

pairs, thus reducing the algebraic work and permitting over one- 


— 
| 
nd | | 
the ©Outting the arch in two pai 
ese — 
the 
mis 18 


Equations to determine the at a section of a al arch 


written as as follows. (See Fig. Note that for symmetrical arches the 
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upper signs apply to the left half of the structure, and the lower signs to the 


right half. _ The tai, W and | H, apply t to ‘the left half of the structure i 


— H cos 


sin co 0s _ cos. o—H FH sin 


VIEWS IN DinecTiON 
X, Y, 4U&V AXES 


‘Fic. 5.—DracraM SHOWING RELA- 

sic _ TION BETWEEN CROWN STRESSES 
AND AT 


T, cos @— + 
T, sin Pit v+ M, sino + cos 


x’) 


M, — 


= 
= i 
n 
m = = ii, pale -2f) nent 


OF A SKEW “ARCH 


Equations f for the co- ordinates of. the crown “center, with respect to o the 


point, P, of any section, may be written as follows ait 


in the: =, The reactions at the right abutment may be found in 


) 

Rama 


"ment, follows from 


om f 


M,= -R, eL -R, - Wy. 


Stresses at a Section Produced by the Reactions at aie: Right . Abutmen 


‘Substituting Equations (5) in Equations 2(d) and 2(f) 


= R, (h—y) + + N,—W@—: 


sin - = -We (a — 2’) cos — He @— sin 


moe 
The equations 1s for the deformations of an elementary parallelopiped due to 


>: 


i ary” 


here are four ‘deformations; that is, shear, and 
e bending deformation about the U-axis. 2 As already explained these four 


ped ormations are small compared to da and dy, and will be neglected. 


In Equations 8(A), Equations (6) have been rewritten by taking 

reaction or load in turn and making the remaining terms zero. . Thee equatir s he 

listed, therefore, are: for the: at a section, , due to each reaction -compo- 
wit 


nent at the right abutment. 


| 
— 
b) 1: 
&g 
is 
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terms of reactions at the right abut-_ 
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SIDE OF ARCH. RIGHT Sime OF ARCH. 


1 (8C).— —Stresses at a section, due toa horizontal load, at 


J 


tions 8(C), a as will be shown later. rane Sg te 

Equations (9) give 1 

t ve to the left abutment, due to the deformation of ¢ a 1 pair of correspon 


Equations: (9).—Differential ‘deflections of the right abutment are: 


Soe 


Due to mz | Due to mu. to mz. mu. 
da cos $ da cos 


Differential Deflections of the Right Abutment Produced by the Reac- 
: tions. —Substituting Equations (7) and 8(A) in Equations (9), Equation (9a), 
for example, i is expanded into the form: 


— 
: 
— __ _ = 
load, W, at a point, 
= 
lo | 
q 
| 
— 
+, 


ation 
io. 
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“FI 
ad equations for the 


etc., are similarly o obtained and are not shown. 
Total Deflections of the Right Abutment Produced by the (in 
Terms o 


f the Crown Stresses) _—Equations (11) give the total deflections of a 


“the > right abutment relative | to the left produced by the Teactions » and are in _ 
~ terms of the crown n stresses. 


in Equations (10). 


the substitutions indicated and integrating or summing» ‘up over 


| 
4 sin @ cos 7, "cos @ A — 


cos? A — 
J ag 


M, 


(la) 


L. inl FJ re 
M, 


Ura 
F Lad 
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sin T, (303 


5 
4 Total Deflecti 


2’. Substituting Equations and (SB) in 
tions (9), and bearing in mind that a load | deforms only t that part of the struc- 
ture: between the left abutment and the . load: 


q 
8C) = { 
Sep te > toot oa. 
9c) hE 4 es (11S) 
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4a 
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Papers 


: (12¢) 

@ 608 @ AF +e 


‘Sx cos? + LE6 


7 | 


@ 
y= 


cos 


sin? 


‘sin A 


a load or by temperature expansion | (or contraction) are equal and opposite to 
deflections produced by the reactions. (Seo (4). 


o 


> 
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OF A SKEW ARCH d 

= 

Right Abutment Produced by Horizontal Load at Point ‘ti 
.—Similarly, substituting Equations (7) and (8C) | 
= = tex S sin pcos — | H.(13a)— 

A= + LEO" +6 ii: 
an 
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load. load. 


(14d) 


_ Equations (14) may be rewritten as given in Equations (15). (See page 18 
Substituting in Equation ‘the values previously _ obtained in 
‘tions (11), (12), and (13), the final equations (in terms of the crown m stresses) —_ 
te the fixed are obtained. Theses, with other final 
tions, are e given in Appendix I, for the convenience of the designer. They are 


numbered Equations | (16) in order to help the designer in referring back to 


trical Two-Hinged Arch 


As in the case of a right arch, if the abutments are — hinged, 


#0; 4, 0; 6," + 6," 0; 6," 


and. two additional Equations (17) are obtained from statics hike take the 
] place of Equations (14(d)) = 


& 
Equations (17) ForMULAS FOR Hincep ABUTMENTS. 
For vertical load, Ww. horizontal load, H. | 


be, 


they may be as given in Equations (18). (See page 19.) 


Substituting in Equations (18) the values obtained in 


- tions (11), (12), and (13), and eliminating M, , between Equations (18(d)) and 
the equation obtained | by expanding Equation (18(a)), the final Equations — 


(19) (in terms of the crown stresses), , for the two-hinged symmetrical arches, 5 


are are obtained. These are in the the fixed arch equations. 
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“The following numerical hinged shew "rigid 
frame, ‘shown in Fig. «6. ‘illustrates the preceding theory. Where possible, 
only such portions of the analysis which differ from. the design of a right arch © 
are given in detail. © The work is carried through in detail to - point of 
obtaining influence dead load, and temperature stresses. Maximum 


‘moments, s shears, and thrusts are obtained in the usual manner, and the 


results only are given. It should be noticed, | however. r, that | in a right | arch, 

the bending moment is most 4 the combination a 
to the | maximum and tl th e thrusts a are obtained for 

q 

4 Similarly, | in a iam Mz ZOV erns, all other stresses are 


for the : same e kind of loading as is used for this 1 moment. - 
Dead Load Concentrations for Full Width of Frame 


me 


56 Kips 


= | 

Ss 


b=66.9 Feet 


arth Pressure Concentration 


“Fic. 6 Section (NoRMAL To ABUTMENTS). 
_ Table 1 gives the elastic and geometric constants required for the evalua- 
tion of the coefficients of Equations (19), 
“The constants from Table 1 are ‘substituted in the expressions for the 


"coefficients given in Equations: (19). (See Tables 2, 3, and 4. 


be ‘<egaaiiua from Fig. 6, giving the dead load coefficients in Table 5 . Similarly, 


= _ coeflicients of Table 4 are multiplied by the earth pressure concentrations 


from Fig. 6.2 giving the earth “pressure coefficients i in Table 5. 
From Tables 2, 3, and 5, the coefficients are substituted in Equations net 


which are then solved for the unknown reactions as shown in Table 6. | 


practical design, Items 11, 15, 20 25, 27, and 32 (Table 6) should 
be incorporated in new and condensed table for the convenience of the 


i 


— s- The unit load coefficients from Table 3 are e multiplied by the dead load con-- 
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‘designer in the w work that ‘foll 
Table which is ‘obtained by substituting the crown the c 
densed table in Equations (2). _ Table 7 should be repeated for every point. or 


section for which an influence line is required. Figs. 7 and 8 are plotted 
from Table 7 and similar tables not reproduced herein. 7 
TABL E VALUES OF THE COEFFICIENTS, Kk (ALL Lo OADENGS).— 
3 = 20.5 ft.; 20.6 ft.; 66.9 ft.; e = 1.192; 1.420.) 
558.6 = 
2h ry = 
J 


1.420 X1 000 


og vr 


— =1.192X 38.60 = 4.291 


< 


Tf these curves should ch zero or unity at the point, « = 20.6, they do 
not do so for points along the abutment, because of a negligible | approxima: 


a Ina frame of the type shown in Fig. 6 the ‘two critical sections are the 


the springing line. It is customary to design these two. 
first to test the adequacy of the assumed rang i" If these two sections are 


about the right dimensions (small changes being unimportant), other sections 
& are designed in order to determine the reinforcing steel patterns. Table 8 


gives the total stresses for the two critical sections. — ~The right half” of de 
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table i is carried d out only far enough t to determine the possibility of a a reversal. 
. of stresses. In practice, Table 8 is continued to include every every ‘section for which : 


“TABLE | 5.—DEAD Loap, EARTH -PRESSU URE, AND TEMPERATUR 


cf 

basal Unit mary Dead load. | Unit load. Dead load. Unit load. 


680 
148 
255 500 
298 500 


CO 


EARTH PRESSU RE. 


t 


4 7 
16302 


TEMPERATURE (ror 100° 100° 


% $82 000 X 0.000065 X 100 X 20.6 = 110 


= 131 500 


For n = 10, Ec = 80 per in. += = 432 000 Kips 84. ft. 


the computation because the influence lines for the crown stresses are all zero 


| over the re: reactions. In computing the direct thrust, * for sections along the 
abutment, 1 the weight of the wall should be included. Having the 1 ‘maximum ~~ ‘ 


stresses, the sections can now 7 be proportional. This portion of the numerical | 


work will be given in Part IT, Example 2, where the “Theory of Proportioning 
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r OMBINATION FOR MINIMUM 
MBIN J SSES 


Dead loads.. 
Earth pressures.. 
Live loads 


4 aq 
Mv. 


Dead loads 
Earth pressures. . qt 405 + 393 
Live loads.......|—1 085 |— 432 

—2 110 
Temperature, 50° +1 231 


0.6 ft. from crown 


2 


— usually advantageous t to ‘take the « origin either at the movable end of 


a the transformed structure, or at the point of ymmetry. ‘The origin is , there- 


fore, taken at the right abutment which is considered the movable end. (See 


TE 


may y be found by abating Equations (5) in 


ll 
= 
| 118 |+ 422 42 |+ 160 405 | 
79 |—6 626 |— 768 579 |\—4 465 — 

— 
| — 
— 
— 
| 
, and 4 
— 


= R,excos 


=R,y +R, + N, + 


The equations of the of center of the tight abutment with 


be written as follows: 


deformation formulas for this case are identical with 


Equations (20(e)) -(20f)) have been rewritten by taking each reaction 
or load in turn and making the remaining terms zero. Equations (284), 
Eh therefore, are for the stresses at a section due —— each reaction com 


(234). — ATA Section DvuE To ‘Reaction C Comroxers, 


Reaction component. 


Stresses at a section due to a vertical load, W, at a point, = | 
| 

Stresses at a ‘section to the horizontal load, H, at a point, 


are used, together with Equations (24B) and (24C). 
Following the method ‘used for the un Equations (22) 
ol apt (28) are substituted i in ripayra ery | For the fixed arch, all the deflec- 


— 


= 
ssingdg+ Rv’ sin @ + J y 
| the 
loa 
—— fact 
hp 
i a this 
— (not 
©6move 
— 
equa 
and 2’ 
= 


reactions resulting in ‘the final Equations ‘any are. in in the 
Appendix for the convenience | of the designer. As in the case of ‘Equations 
(16), , the text numbering i is used i in aos Appendix for r convenience i in 1 referring ‘a 
back to the text when necessary. 
| 
(24). — Dir FERENTIAL Desizonons oF or THE Richt ABUTMENT. 


Due to mz. Due eal 


_ 


dou 


For the two-hinged arch, the fact that the left is hinged prevents. 
assumption that the vertical deflections produced by reactions and 


similar “assumption for the angular deflection of the right abutment about 


a 


Z- -axis, Two additional equations are obtained from statics as in the case 
|. of the symmetrical arch, but in this case a correction must | be ‘made for the 

fact that the two abutments are not at the same elevation. 

e The structure has been transformed into a curved cantilever beam and the - 
load has caused the right abutment to deflect vertically. Replacing the hinge E ; 
in the left abutment, the entire arch is rotated until the right abutment — 

- returns to its original elevation. This’ rotation is about the Z-axis and cor-. 
‘Tesponds to a y-deflection. From Equation (24), it is seen. that such 
angular: deflection produces a linear deflection along the X- -axis, or a te The 
derived for each load or reaction, therefore, ‘must be corrected for 


so that B moves to B’. the at A is B 
moves to 0 B”, and the deflection, 4,, 1 must be corrected by the amount, B’ DD. 


‘Since is is small, may be consid ered a right angle, so. that 


BY’ D: =/E. similar triangles : 


oft to te: = 4, — IL 
the two-hinged arch, the J’, produced by the — must 


equal the produced by the reactions. the symmetrical arch, a = 0, 


a 
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This concludes | Part I, which gives the derivation of the. four sets 


“equations for obtaining the total stresses for the fixed and hinged arches, 
which may be. either symmetrical or unsymmetrical. The unsymmetrical arch 


equations ¢ can be used for symmetrical arches, but would involve more numerical | 
work. It should | be remembered that the thrust, shears, and the bending 

deformations about radial axes have been omitted. and 
- important arches, the preceding theory should not be used without _ correction, 
or by an adjustment similar to that made for right arches. sig? 


"PART IL —THEORY OF PROPORTIONING SECTIONS 


“we The analysts of a a , structure m may y be divided into three parts: i 


(a) The computation of the forces and moments by 


external loading at several sections of the structure. 
The distribution of the stresses over these sections 


e usual way. The wate step is 
the di distribution of the stresses over a section. tary 


th the notation already given, the following symbols are added. the 


design formulas, ‘the standard reinforced -conerete nc notation | is s used with the 
= and additions noted. Symbols which ; are used only in the deriva 


not given here. Unless otherwise stated, symbols a are always positive 
the distance: from intrados steel to the resultant normal 
thrust or horizontal shear acting on a section, and is positive 

ey ah isa in the direction away from the center of curvature of the arch. 

j _e’ = the same as e, except that it is measured from the extrados steel. 
ie vase, fs = the unit stress in the steel in the intrados f face; it is positive when 


ft 8 ‘the unit stress in the steel in the extrados face; it is positive oad 


a 
a 
— 
— 
> 
— 
— ig 
up t this point gives in detail all the s eps 
numerical work up to 
— 
| 
— 
— 
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he unit direct stress in the concrete ; it is Positive when the con- 

bas h = the unit horizontal shearing stress in the concrete oT is positive 

wat he oat ae it tends to rotate the concrete element on which it is 
acting, in the same direction in which positive T, (or 


“the distance from the nae of compression or the center of | 


shear in the concrete to the intrados steele 


‘the : same as j, except that it is measured to the extrados steel. ns 
= a constant similar to k used in connection with the condition to 
compression or horizontal shear over the entire section Its” 

meaning is obvious from the text. It is positive when the . 
stress at the intrados is numerically less than, or 0 of opposite | 


the direct moment per unit width acting on a 


is positive w hen it produces compression in the Wn fibers. 
1 a design 

plane. Considering this moment as 18 composed of teas oma and 
opposite horizontal forces, it is positive when these forces tend 
to rotate the concrete element in the same direction in which 
the corresponding forces of the moment, My (or M M2), tend to 
<2 direct thrust per unit width acting on a design plane an and » dis 
_ positive when it produces 


an positive in the same direction as h. inv 


m = the direct moment per unit width acting o ona ar penaaeiia 
ei to the V-axis and is positive when it produces compression in 


the same as m, but acting on a plane perpendicular to the Z-axis. 
= the direct thrust per unit width corresponding to m an om 
oul are positive when they produce compression. 
Pitere = the horizontal shear moment per unit width acting on a plane 


to the V-a and is positive in same direc- 


fas Ms ak the horizontal shear moment per unit width acting ona 1 plane 


"perpendicular to the Z-axis and is positive in the same direc- 


= the horizontal shear per unit width and 
horizontal shear per unit width to my and i is 
q hes 
positive in the same direction as h. al 
pus radial shear per unit width acting on a plane 
___ to the V-axis and is positive in the same direction as ty. oe. 
= = the radial shear per unit width acting on a plane perpendicular _ 
dt ae the Z-axis and is positive in the direction opposite to the 


positive direction of the shear, acting on the unbalanced 
ob gee = the angle between the direction of the steel and the direction of a 
ie a design plane, and is positive in the same direction as m, 24] 
a otha = = the angle between @ plane perpendicular to the V- -axis and a. 


design ‘plane is ‘Positive the same My 
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face at any point. prod to the angle, 6, ‘measured in. 
iat the central angle measured in a plane parallel to the face of 
. hot bridge. It corresponds to the central angle, ¢, measured in a 

plane perpendicular to the abutments. of abas 


Re 6” AND AND BETWEEN ¢’ AND 


"Before entering upon second step of the analysis—the stress distri- 


Surface at Any Poin 
Horizontal Plane 


relation between and | is convenient when laying out the arch 


_exterr 


for the purpose of scaling the properties of the sections. The ‘intrados and 


wes 


4 xtrados curves are usually determined in a plane parallel to. the face of the 
bridge, while for the purposes of design, the arch must be laid out in a plane 

perpendicular to the abutments. ‘This relation, therefore, gives a convenient 
‘method of finding which appears in the skew arch analysis. ‘The relation 

between ¢ and ¢ is important, because the former ‘is vanea in the design of 


ve ths! steel can be designed, the distribution of the stresses at any 
section by the various moments, shears, and thrusts must be deter- 


For simplicity, the crown section is analyzed in the introductory 
a analysis, A, which follows. _ For other sections, the analysis i is the same except 
that the sections are not vertical and the planes tangent to the neutral surface 
not horizontal. ‘angle, . is then used instead of the angle, 6. 
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at Face of Bridge—In | Fig. 12(a), fi is the u unit stress 
j produced at A by the direct thrust, 7. Since there is no material to the left 
of the sec tion to ‘resist t the stress, it is s impossible for f to act by itself. lf. There 


, - be, therefore, au unit shear acting at the point, A, of such a magnitude 
‘that the resultant stress will be parallel to the face” of bridge as shown in 
“Fig. 12(b). The resultant stress is evidently equal to f sec 0, and the unit " 


shear required to bring this. stress in line with the face of bridge is e ial i 


oad, 


Fic. 12. 


” unit shear on the plane, CO D, and an equal unit shear on the plane, AD, 


which is perpendicular to the the plane, Cz However, the plane, A D, is an 


external face and can carry no stress. 8. Hence, there can be no shear on Plane’ 


¢ D, and the resultant unit stress must be normal to it, that is, parallel to 


Thrust and Shears on Plane Perpendicular to Z-Axis—In Fig. 13, a thrust, 
Te acts on the ) crown section, AB. At A, there is a direct unit stress, f, 
and a unit shear, e f, as previously shown. If the triangle, AC D, of dimen- — : 
sions, dz, dz, is cut ; from the arch, this triangle shown enlarged in Fig. 14, is — a tq 
a free body and must be i in equilibrium. — Face A ACi is an external face in the ce a 
uncut arch and carries no stress. . For or equilibrium there must bea ¥ unit shear, 7 a 


h, and unit thrust, ¢,, on the face, 0D. 

Since = X= 0,—h du =f de = 


This merely proves ‘the familiar theorem | ‘that if there is a unit shear on one 
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D is 2 plane perpendicular to the face o: bride f produce, 
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lane, there Must De an equal unit shear on a plane at right angles to it. 


Again, for since Z = _= 


Furthermore, since >Y=0,V' dz dz a dz, and therefore, 


9 


4. 


== 


ot Direct and on Z-Axis.— 
In the discussion ¢ of the direct thrust, it was shown that at the face of bridge 
s a shear is present which makes the resultant thrust act parallel to that face. 
— was also shown that 1 there is a direct, thrust acting on the plane perpen- 


dicular to the: section. Similar reasoning holds true for stresses pro-— 


-- 


duced by but, whereas the stresses produced by the thrust, Tr, are 


uniformly distributed « over the depth « of the section, ‘the distribution of M, = 


Fig. 15(a) a moment, M,, acts on the crown yn section, AB. 
- At A, , fis the extreme fiber stress produced by the bending moment, and h =n @ F 
is the corresponding unit shear -Tecessary to make the resultant stress act 


arallel to the face of bridge. ‘The fiber stress at any other point on the ee 


line through A is : (Fig. 1 5(b)). A corresponding unit shear, h’ = e f’, must 
Lae. mpany this fiber stress, f’, in order that the resultant stress shall here also 
—— rallel to ) the face of bridge ; but fis varies along the depth, t, of the sec-. 
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tion. Therefore, h’ must also vary along the depth of The 
relation between these variables can be expressed ‘in terms of moments. 


That is, M,= 02 =f ydA, or, m f' y dA; also, fyd@A= 


olduti ole er, 


-@SECTIOND-D 


_- 


au off ovad saab, ode “a 


“moments te horizontal shears about: the center of gravity 
of the section. It is 3 also the shear. moment. required to make the resultant 
stresses at the face of the bridge act parallel to. that face. 


Stresses at Any Point o of a Section bat wdivteth, 

(30) to (34), inclusive, g give the v: value of certain stresses at the 
face of bridge. . They values of these stresses: at any point « of the section will now 
be found. As in the right arch, ‘the effect of the curvature of the atch | on the 
stress distribution will be neglected. >. The error involved. js is small for curves” 

In the following discussion, the of a shaft subjected to torsion 
is enc encountered a correct design of fas skew arch can be made, 
a ‘correct torsion formula will have to be e developed. 7 Of course, the method | 


presented herein is s not exact, but it is with the idea of. 
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problems involved. 
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‘Mess: of. are ‘except for the circular 
_ sections. The usual assumptions are that an unstressed plane section remains 
after it is stressed and only shearing stresses are produced. 
These ‘assumptions are not true. except in some special eases. St. Venant 
“developed a more accurate theory which shows that a plane surface becomes 
warped when the shaft is twisted. ‘This: theory, like the ‘more approxi- 
mate theories, » is ¢ developed 1 for an isotropic and homogeneous | shaft of con-— 


stant cross-section normal to the : axis. The derivation is also based on an 


assumption which “zads to the conclusion that the only stresses produced are tex 

shears. However, since this formula agrees with such as are — te 

St. Venant’s theory is rather but for ratios of | 

3), the reduce to le terms.’ The following facts which 

proved by theory and, in some cases, substantiated are ‘the 


oy 
all (a) The shear produced by a ‘moment acting on 
rectangular shaft occurs at the middle of the long sidee ce 44 
(d) Along the edges, the shears vary from zero at corners to 


maximum at the middle and are parallel to the edges. For large ratios 


, the shears parallel to the long edges are zero at the corners, cane q 
“reach a value just inside the surface, which remains practically con- 


. The shears are, therefore, a maximum along the entire long 
e, except at the corners where they are zero. . The shears parallel to 
the or edges have a finite value only at the surface, but quickly 
—_— zero just inside the surface. These shears are also zero at the 
corners and are a maximum at the middle of the short edges. inca gigi 


- (c) The torsion moment can be divided into two parts, one-half of | 
which. produces shears parallel to the long edge and the other half, 


In the following derivation, it is assumed that the thrust, the 


_ distributed over the width, b, of any » radial section parallel 1 to the mie Tine 
Distribution of Horizontal Shear—Fig. 16(a) is ‘a plan view of a ew 
= showing the position of a ‘strip of differential width. 4 The strip is f 
enlarged in Fig. 16(b) } for « convenience in ‘illustrating | the special notation that 1, 


= unit radial shear produced by the net torsion moment; 
static. moment of the | about the axis, +. ae 


4 


8A short discussion of torsion is given in Bulletin No. 8 of the Universi of ‘Toronto, — 
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The last term orm of Eouation. (85) i is small and cé can be neglected. 
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. This equation 1 shows that the shear, ¢,, is composed of two parts: : (a), that | 
produced | by the computed shear, tei and (b), that produced by the effect of 


‘the skew on the thrust ve: ‘When ¢ é = = 0, the shear, ¢,, , has the usual ae 
Equation (35) also agrees with the statement made by Professor Rathbun? 
that the portion of the shear, T, which is equal to e T,, is distributed uni- 
formly, the remainder being distributed -parabolically. In other words, a 
certain por portion of T, is distributed uniformly a across the section so that the 
resultant unit stress due to T, and this portion of T, is at every point of the © 
section, parallel to the face of bridge. The re remaining part of T, is distributed 
in the same way in a ‘rectangular beam. If If the ‘moment, y (or M,), 
“§ should be large enough to ) require steel reinforcement to take the tension, this 
- remaining portion would be distributed in the : same way as the shear in a 


-Tectangular reinforced concrete beam. 


Ina right arch, it is "generally “assumed that radial and 
bending moment have the same ‘distribution | as in beam. This 


stra 


assumption is the as saying that — is negligible or or zero. derivativ 


is a function the curvature, (=). and for arches of ra error 


Direct on Plane Perpendicular to Z- -~From Fig. 16 (b), since 


for equilibrium: = dz + ¢ t,, , and, 


a = 


Therefore, 


Distribution of the Torsion Moment. Fie. since the sum- 
mation of moments about the Z- must be zero for 


=— dm, "dy + dn de 


= 


asi? 
(87) is similar Equation (85) which shows 


is the same as a in a similar ‘rectangular ( (unskewed) beam. 
Equation (87 ) shows that a portion of the torsion moment “equal 
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to m, is distributed uniformly sO that” the resultant unit stresses produced 


ma this. moment and the direct moment, m;, are at each point of the section 7 


parallel the. face o of the br idge, and the ‘remaining portion is distributed 
like a torsion moment. — _ The two portions of the torsion moment are given by 


the or and second ante! respectively, of the right- hand member of Equation 


_ The amount of the e portion of this moment which is dis distributed like a 
‘pti moment is still to be found . This unknown moment will be denoted — 


be used. A. correct design i is not the problem of in 


general is studied further and tests are madee 


‘Substituting value of t, in terms of as by St. 


cre 


mulas, and performing the integrations indicated, the last term of ‘Equation 


(38) can be shown to equal — m’,. Equation (38) can “rewritten 


"Since the sum of the moments both. 
the radial on the entire 


z de My ++ (40) 
\ 


®These formulas are Prescott in his “Applied Elasticity,” Chapter VII, 
pp. 148 to 156, and are used because they are the available. 
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‘for's m, can now be found. At the tives of the 

_ second term of Equation | (87) is given by St. ‘Venant’s formulas as zero. 2 

any ‘any other point, this second term reduces to a value which for large 1 ratios. of | 
that is, — t> is nearly « constant and equals — Equation (37), 


At any other point of the 


‘tee equations for t the shear moment per unit width of a are “a 


lar 


sary because, for large ratios of —-, the torsion moment nthe on a section — 


_ which is normal to the sides 0 of the shaft, produces stresses ; which are either 
zero at the surface of the short side and quickly reach a finite value just 
inside the surface; or, they have a finite value at the surface, and quickly 


ays zero just inside the surface. In a skew section, the surface stresses do 


is by. the ‘effect of the on the bending moment, : 
Attention i is called to the fact that the previous sentence is really the crux 
5 f the problem of the stress distribution on a skew section. The fact that the 


4 stresses on the section at the surface must be parallel to that surface is what 


causes the difference between the distribution on a right section ‘ane a skew 


Bending Moment on Plane Perpendicular to Z-Axis —From Fig. 16), 
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From St. Venant’s formulas : jie 
the curvature of the arch: 


ds te dz du..... 


Equi 


— the double ‘integral between. Equations ) and (46), visi 


pees 


7 
Referring to Equations (48) a (44), reduces to the fol-_ 


it 


fox Radial Shear on Plane Perpendicular to Z-Axis. —From 16(b), since 


Best 


thy) 
At the face of bridge 


At, any other point of the section: qt) at 


yor 


2 AND TRANSFORMATION ForRMULAS 


maximum moments. ‘The error 
. - true i in a skew arch, except that ae are two moments, a thrust, and a shear 
» and Gor ‘Me t ty, and that “must be computed for the 


= 
— 
— 
— 
— 
vw 
= 
du 
— 
— 
n the design Of a right rigid Irame 1n which the fiber stresses produced 
a * the moments are large compared to those produced by the direct thrusts, § /7_— 
ia 


‘same notin of live load instead of the single mon wecnsen aa thrust in the 


‘ e right arch and tl the ) position of the live load i is governed by M,. The problem — 
vertical shear or, more. accurately, the radial shear, is treated i in t 


manner as as in the right arch and needs 1 no special consideration. 
The maximum stresses for any given condition of loading on the prin- 
cipal planes. Steel can be designed in any direction to take ¢ care of the 


ees stresses, but if it were e placed i in one direction only, it would not 
_ Hence, the steel must 


Therefore, more ‘steel may be required ona plane parallel to one set of “aed = 


a ~ than on the principal planes. re Reinforcement should be designed o on the } planes _ 
an parallel to the direction of the steel, and also” on the principal planes. Fur- 4 
a thermore, the maximum horizontal shear will occur on still another plane. In 
: ~ order to analyze ‘the stresses on these various planes, the stresses on a section : 


Weg must be transformed to give c other stresses ‘ask are eae and perpendicul ar 


on “mechanics. ‘They are without in 1 Appendix 1 in t terms of the 


notation already adopted. 


H 


SgeTIon 3.— 


dc, 


are the maximum and ruinimum), with respect ‘the character 


to vary the of the steel. The made the steel with 
the direction of the design stresses introduces certain which be 


at a Before going further, it is well to point out the following more or less 


obvious fact. A steel reinforcing rod can take practically no bending. ¥ = 


tension, therefore, it acts like a string. . If the stresses ‘at a point are analyzed — 
on different planes, the stress in the concrete will vary, , but ; that in the steel 
at a any ‘point ‘must remain ‘constant. In other words, at a given point, the 
(for the same condition of loading) matter on 


Relation of Stress in in Steel t to Cor 


In Fig. 17, A DBPi "is an element of conerete a reinforcing 
steel, A B, embedded in it. Forces: pro ucing tens n and compression pene 


acting on the four faces, A D, BF, BD, and 1A P, of ‘the: element so that it~ 


deflects in both directions. Point A is as the 80 > that, B H 
BG are 
the ee length o of the strand is now A B. : 
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> 


From Fig. 17, since Angle BA M is small and A B = =A M, An de B uM A 
may be considered a right angle. ‘Let 8, be the unit elongation i in the direction, — 


: A F; 8, the unit elongation in the direction, 


ion, B F; an nd, . the stress in the 
- gteel due to the direct stresses in the concrete. — 


“ds “BD ABcsa cos ABcosA il 

Gar 


mare, 


E, ee eeee 


Dt 


—DEFORMATION IN STEEL Propvcep Fie. 18. —DEFORMATION IN STEEL PRODUCED 
BY DIRECT DEFORMATION. BY IN CONCRE 


(87) 


“Substituting Equation in ‘Equation: (57), , and transforming: 


- (B Relation of Stresses in Steel to Shear Defor 


mation 

From Fig. 18, neglecting the squares of small quantities: (A M B ‘M) 

(A Fy? - + (BF + -B BY or FF’. Writing for FF” its 
lue, A F X 6, and assuming that t hy equals the stress i in the steel due to the she 
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OF A SKEW A 
‘Equations (58) and to 
at 6, sin? a + 6 sin COS @ (60) 
t it 


(60) gives the relation between the stress in the. , the. com- 
—_ of the elongation of the steel in the direction of the direct stresses 


n the faces of the concrete element, a and the shearing deformation of that 


a In the u usual simple case where the : steel 5 is parallel to the direction of the 
applied stress, the deformations in the steel and in the concrete are proportional 2 
to their distances f from the neutral axis. | In t the present case, the components : 


eo! of the deformations i in the steel and in a the concrete. in the same direction are 


if 


> kh 


_ SECTION 4.—DERIVATION OF _Desicn Formutas 
ulas can be divided into twelve cases, each one of which has . 


of these ‘sets of formulas ean be tabulated. The 


method of deriving the is explained: i in for Case Ti in the 


utio. 


shear 


of Rotation 


Ys 7 


-_y is always Positive and Less than 180 
is always Positive: 


Direction 


‘Case I. —Simple Bending—Steel in One Direction and in One Face Only 


i Fig. 19, AB CD is an ‘element of concrete of small ¢ dimensions in 
2; which a strand of steel i is embedded. The planes, BC F a nd DCE, , are any 


subseript ‘numeral, 1, is is” attached to all ‘symbols ¢ ‘on ‘the plane, BO F, and 


the subscript numeral, 2, to all symbols on the plane, D 
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Longitudinal perpendicular to abutment. ait or 
a -steel, perpendicular to fascia.... 
a 


Cross- ‘steel, parallel to abutments 
the following Poisson’ ratio is because the value 
of this mi modulus is about the same for both concrete and steel. . Poisson’ s ratio 
affects only the relative deformations and, § since the value is about the : same 
for both materials, there is no differential action on this account, and, there- = 
| no change in the relative stresses is produced, The stress deformation 
; diagrams for each design plane : are drawn as if there were no stress on the 
plane, at right angles to it, deformations shown are, therefore, only 


"produced by the stresses acting on the plane i in question. 


(A). —Tension Over Part of Section on Both Design Planes’ and on 
Same Side of the Section. —For this case, assuming the usual straight-line dis- 
‘tribution of flexural stress, the stress deformation diagrams on Planes B ren F 

and DC Fig. 19, are shown i in Fig. 20(b) and Fig. 20(c). the middle of 
the eross-s -section, the torsion . moment stresses also have a straight- line distri- 

_ bution, and the resulting stress deformation diagram, taking into account the 


‘shear produced by the ee of the steel, is as shown i in ———- ae 


id 
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On Plane BO, since one summation of all Sania unites and perpendicular 


rf 
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0), end (600) in 


(61d) and (6te), and , and writing for 


cou p sin? ay = = lak 2 bg 


sin @, COs - h ( 


=f, p & ay 
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ert 
de Substituting the from Equations in (60): 


+ Sea | ‘si sin? a, —A | sin COs a 

Eliminating fer das and fee between n Equations (61f) and Equations (61k); 


all 


~~ 


qs 


sin’ a, 


pn \ k 


1 2 
4 % 


\tan 


— 


Over Part of Section on Plane, 
61 Beer ‘Entire Section on the Other L Design Plane. —In Fig. 21(a) _ is shown a 
Retion of a reinforced concrete beam on which a moment, M,, is acting. _ T The 


Bual stress- strain | diagram for this case is shown i in Fig. 91(b). The stress in Pi i 
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pe 
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Papers 


the concrete acting with the stress steel produces a couple which 
. balances the applied couple, | but if there should be an initial tension in the 7 
steel, this stress (which is eccentric to the section), produces a moment which | 

a partly counteracts the applied « couple, and at the same time produces a a direct 
compressive stress. on the section, Under certain conditions it “may 

duce compression ‘over the entire section as shown in Fig. 21(c). the 
7 moment of the initial stress about the center of the section should happen to 

5 equal the applied moment, then the “compression i: is ‘uniformly distributed over 
4 the section, as shown i in Fig. 21(d). If the initial s stress moment is larger _, ; 

the stress distribution may | be as shown i in Fig. 


“a 


ini (as shown in Case I I I(A)), the stress in the steel is produced d by 
- moments « on two planes, it may so happen ‘that the moment of steel stress com-- 
att - Ponent on a plane may be greater than the applied couple : and cause a kind of 7 
4 _ reversal of stress. The > result will be similar to the case of initial stress just 
discussed. Case I(A) will fail when either value of k is greater than unity. 
pl 7 ia For this contingency, Case 1(B), or one of the ‘following cases, must be used. 
- = _ Referring to Fig. 19, ‘the state of stress is assumed to be such that the stress- 


distribution on Plane is — shown in Fig. 22(b), an on Plane 
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sin a, cos @ 


5 » 


Papers 


Substituting Equations (623) in (60): 
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0 “ 
ad 
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the 
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pla 


f the design planes are principal 3 


—Tension Over of on Design Planes” But on 
Opposite Sides of Section—This case may arise in two ways: (1) don 
7 the discussion of Case I(B), if the initial tension moment is greater ‘than the 
i: applied moment and produces a reversal: of stress such h that the resultant a 
i outside the middle 1 third of the section; and (2) if the moments on both design _ 
sf te planes are of opposite signs. If tension is allowed in the concrete, Case I (B) 
_ governs, q, will l be greater than unity, and f,, will be negative. If no tension * 
is s allowed in the ‘concrete, or if it nn the allowable value, then Case I () 
In Case I (C), the resultant of stresses falls ou side the 
middle third and nominal steel should be used in the tension area. If feo is too 
high, Case 2 (A), or. one of the following cases will apply. 
‘Fig. shows the stress deformation diagram» for the design plane on 
hich there i is tension over the e extrados part of the section. The oth other ‘diagrams 
are the same as in Figs. 21 and 22 and are not shown. 

will be noticed that. Equations (62) are derived in the same way 
(61) and that the only differences between the corresponding equa- 
tions are in the values of k, @ 4h, and in the ex expressions involving these s symbols. 

The same thing is ti true for ' Equations aad ed the a derivation i is not 


ed 
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Fie. 2 0: 
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sin? ay cos? a, 
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If the design planes are principal planes: 


eg 


ELEVATION 


tight angles to it. even the concrete stresses on a are 
lependent on the forces acting on the plane at right angles to it, and which are v4 
transmitted to it by the steel. Since two planes at right angles to each other 
must be analyzed together, many combinations of str ess conditions o n the two 

desion planes are possible. _ If there are n stress conditions possible on a ne, 
there must be n? possible combinations when . two planes a are treated together. i. 
Hence, there would be a large ‘number of cases to be analyzed if the | —_ 
formulas were written according to the used in the Section 


= 
q 
‘ = 
3) 
Section 4 shows the method of deriving the In general, 
. the stress in a strand of steel at an angle to a plane is produced by the forces ." 4 7 oa se 
— 
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4.08 X 35.1 a 
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Iti is apparent from a a als of Section 4, that the t ‘two vo design ~~ can be 


is, 


independently thus greatly reduce the number of 


proper ‘set of for one e design plane with 
for the other plane. 


t For brevity these formulas are tabulated and placed 
in Appendix I under caption, “Equation (64),” ‘in order to help the 
signer in referring back to the text when necessary. 

EXAMPLE 2 —Proportionna OF | ‘SEcTIONS 


Part _ I concluded with a numerical example which was carried up to the 


point at which the maximum moments, thrusts, and shears were obtained. 7 
- Numerical Example 1 will now be resumed and several sections designed, thus © 
“illustrating the application « of the design formulas which have been wi 


Design of Steel at Crown = 

M, = 741 kip-ft.) M, = 1509 kip-ft.) t =21in. 

T= 452 = 418 d=18, 5 in, in. 


1 509 


66.9 
66.9 = = 6.25 kips 
M See Equation (53¢ 3a), Appendix 
N= t, sec? 6” (See Equation (5: Appendix 
= 62 25 2.42 = 15.13 kips 


r= 


(for steel 138 (for f, = 800,. 18 000, n = 15) 
Pest X 15.13 = 4.03 kips ai 
= ~0. 1400 x 185 x 120 Kips 


kad 


7 
= 0.0059 X 12 X 18.5 = 
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xtends for a distance (parallel to the abutments) of 
about one and -one- “half times the depth of the section ; and where « cross- -steel is 
required, it should extend for at least a bond length of the cross-steel. 
enter Steel (Para ane and Perpendicular es Spandrel Walls). ae 
my 74. 1 


_ The fascia section e 


87,9 = 19. 0 kip-ft. (See Equation (44) Appendix I) 
) Append kes 
= 1.192 X 11.1 = 13.2 kip-ft. 


25 = 7.45 kips: 


35 kips 5 kip-ft. t, = 6. 
— 1.05 kips = 13.2 kips 63 kips 


mJ. 45 kips | m, = = 19. = 6. 40 kips 


“= 1.199 X 6 40 = 7.63 kips 
w= 180 — 

Pra = 0. sin’ = 0.587 


+ 


cos?” = X 0.413 = 
= 


foregoing computations show that « only ‘nominal steel is ‘required. 


cos? 6’ = 22.5 X 0.418 = 9. “ty, COs? 25 X 0.4138 = 2.6 


m! sin” = 13.2 X 0.587 = 7 9’ 7.63 0.587 = 4.5 


2m, 8 sin 6 cos —-18.6 24, sin 6 cos = 


i 


2. 
tmz 
— 
q 
— 
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= : 
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18 won 


12x sq. in. 


te 


90) = 


sin 786 = 0. 
cos CO8 = 0.618 y= = 0. 
sin cos = = 0.485 


msin® 2.5 X 0.618 = 


t,cos? = 6 6.25, X 0.618 = 


= 7.63 X 0.382 


2 ts 


sin cos = 12.8 X 0.485 


sin’ 22 


ones X 0.382 = 


.63 X 0.618 


2 t, sin Hy cos wb, 


‘The: foregoing show 


2X 0.382 = 5 


+ 

‘Mat 


VOR 


m, 37. + 


= 50" 


618 


382 <= 


13.90 kip-ft. 

= 18. 


kip- 
8. 86 


Gf 


= 91 
= 621 


kips 
8. 60 kip-f “ft. 


080 89 ) kip 


na N, are negligible. 
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Normal Steel Plane 1. wo 3 Normal Steel Plane 2. sot 
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e= X12+ 8.0 = 42. 2 in. 
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4) 
Case I (B): 


).205 s sin” “= = 0 042 
cos? a =0. 958 
3 = 5 
has 200 X 0.00493 = 94.5 


a, — 


Sic, 


@ 
—(—0. S82 3. 54) = 
2 P bd sin a, cos. + = 0 for g 


f,p sin COS a, x 0. x 7 


cos” @ +ah a, § sin 
5 x (— 22.0) (+ 212) 0.200 
- 8) + (— 


00 543 x. 999 = 
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ations (64)) and for Plan Use — 
On = (itty a 
B25 
ey 
| 
h, = lplanes 


= 6° 50’ and = == (0° 50’ ) 50° 
sin 0.119 sin’ = 0.014 sin a, 
si sin” — cos"  =— 0.971 sin 
- =m) si sin wes cos —9. (0. roll 


Hae 


& 
sin a, COs 


| 
| 
| 


2 +3 (0.820 — 0. 


q,) = (1 — 1.488) 235) = = 103 Ib. 0. 


5 


— 

i 

ke 

— 6.22. 

6.88 

_ Se, (—6.38) 44.9 = 

— 

— - 

— 

e 

— 

— 

= 0.580 X 2.42 = 1.41 =79b OK) 
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"Design of Steel at the = = 20. 


ms — 5 930 kip-ft. = — 6 740 kip-ft. 


om’ 0.0 


=— 66 


nf, 7 


20 


108.5 


— 18000 
Ss 


0.0089 ner. 
A’, = 0.0089 X 515 wb. per sq sq. in. 


) Minimum Cross-Steel.- 


m sin? 9 = — 


? 


=— 
cos’ = 120.0 x 0.413 = — 
2 m, sin cos = = 206.6 xk 0.492 = 


The computations show that is — 


(b) Minimum Longity idinal Steel.— % 
mec cos? 9 = — 88.6 X 0.413 = 
m’ sin? § = — — 120.0 x 0. 587 
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eke 
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“4 


000 nk 4a =! 
~ 
The design is for normal steel which gives the condition as: for 
‘minimum longitudinal sted, 
Maximum Horizontal Shear. — 
= 4° 20" = = (4° 20’ )+ 50° — 90° — — (35° 40’) » 
= 0.973 2 


‘sin CO8 a, = = 18000 x 0.43 C0. 73) = —36.6lb. 


bd 54.5 x 12 
we 


—392 


ait 


git 


— 

— 

— 

— 

| 

used. 
— 

Mas 

‘ind 

— h’ = (1 —q,) h = — 2.28 X 68.5 lb. = — 156 1b.(0.K.) 


January, DESIGN OF A ‘SKEW Al ARCH 


Section at ‘Top of Post (Omitted from Table 8). 
= cos 90° 


=— 1 554 “ft. = 36 in. Sgt 

d= 33.5 in. pe = = 


r 


A, = 0.0042 x 12x 98.5 = 1.691 


b. per s sq. in. 


Center — 
(a) Minimum Cross - | 


= 


= m, N = = t, (same as fascia steel). 


tan (180 —2 v) = 0224 2 
96.7 kip-ft. M, = 1.22 kip- ft.) TT 
= 21.0kips N, = 3.07 kips. = (88° 80°) — 90° 
‘This computation shows that the same steel as the fascia steel should be 
Maximum Shear. is “O. K.” by inspection: : 


ais to oulsy Example of Design for Steel in Two. Directions 


M, = 36. 5 kip-ft. = 2 68 kips 0°95" 

Minimum steel. .0.18 % longitudinal 
steel. eR cross 


| 


Wipe 19 000 Ib. (trial value) weoge = 16 500 lb. (trial te 
_ For the following computations use E quations (64), Case x (A). | 


y 


a * 
f,kbd—N Poa 


a? 
0 
AW 
or 
5 
— 
— 
— 
— 
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0. 879 Fy py + 0121 fa Pp = = 19 500 x 0. 0017 
121 Fo Pa + 0.879 Fg 16 500 X 0. 
Pg = 


from 1 which, « Is h= 40 and a 


nh h a, sin & cos 


cos” a, sin COS a. 


= 19 50 ve 879 + 16 50 500 X 0. 121 — : -1 060 = = 181 


Sp= 19 500 X 0.121 +! 16 500 X 0. 879 +105 50=17 850 Ib. 


al 


In Part. II, the theory” for p 


r ‘proportioning sections has been developed. 
Equations have been derived for (a) stress distribution; (6) transforma-— 
tion formulas; and (c) design formulas for skew reinforced concrete sections. 
The application ‘of these formulas ‘is illustrated by the preceding numerical 

Comp ete wor ing text or designing skew arc 


PART ‘TIL—APPROXIMATE ANALYSIS FOR CROWN STRESSES 
A SYMMETRICAL SKEW RIGID FRAME 


E 


_ The rigid frame is a 1 special type of arch. and i is analyzed as an arch, 


frames, ‘the writer tound that a considerable vavidtion in the value of the 

angle, produced negligible changes i: in the crown stresses. These 

0° the barrel of the frame. 


= 90° for the post of the frame. 


= —The effect of the curvature of the ai of the frame can be 


have the e effect of de actual frame 
pees in Fig: 24 into the frame shown in ‘Fig. 25. It. vigtew be noted that 


yee 
My is a direct result of the curvature of the neutral axis. ‘(that i is, , M, would 
be zero if. the neutral axis were truly straight), and the accurate analysis 
‘maust be used to compute it. Fortunately, ‘this i is a simple matter. Further- 


My: y= =0 for symmetrical loads a and variation. "Making these 


is 
— 
= 
| 
1 
F 
Fo 
— 
the shape o the angle, @ (as previously defined), 
Th 
— 
Fro 

—— 
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7’, equal the crown thrust of a right produced by 


‘parallel planes cutting the skew arch perpendicular to the abutments. 


For Vertical Loading. — 


Fi 
= = same ne as for right arch OUT 
>» a8 given in accurate theory | 
= ob) a 


ay, 

a4 


For Temperature 8 % 
4 Ecth \ 


‘The « origin for x in these equations is at the center. 


m A to B = 9% 


K, = = 0; K,= 


ras’ 
45 
= — 
ner 
iii 
i — 
— 
— 
a 
iii 
iff 
A 
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Nas. 


Fic. 25.—TRANSFORMED “RIGID FRAME.” 


~ 

ai 


From 4 to B (6 = 90; u = =a): 


= 
=z y +i 


x 
— 


al From B to C 


From A to B = 
» 


2. 


pe 


eee 


(63) 


| 

— 

— 
— | 
we 
— 
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+h 


Derivation or Fiat Equations 
Fer Vertical Substituting the foregoing coefcients in Equation 


Substituting this value 
(19a) I) pes: 


‘4 


= 
Pe 
roxi- 

— 
— 

— 

a 
— 
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‘Similarly, from (19c) (Part I): 


wn? 


Mane” 


F or T ‘em Stresses, ‘the spproximate coefficients in 


At 


| 


Ge Papers Jan 
— | 

fase 

— (70) 
— Be 
— 
— i 

— 
L | 


H 
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F Tp =Uedg 109) 
peoy 
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BEpug peoy ysauosewew plo 
- 


INEWOW NOISHOL SANIT FONTATANT 9z “DI, 
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‘The just derived are true for the frame shown in Fig. 95. Tt is 
assumed that the same relations hold for the frame in ‘Fig. 24. 
closeness of the approximation is shown by 
wall 
- 


influence lines of Fig. 26 and 


ExaMPue 3 3. — APPLICATION OF 
Ina right symmetrical arch, it is somewhat ‘more convenient to take a 
“origin at the center of the span at the elevation of of the hinges. — When using 
_ Equations (2) and (8) of the more exact theory, h—y ‘aust be written for ye 
‘The right arch equations ‘used herein can be derived from the skew arch 
equations by making « = 0 and writing h—y for y, OF they can be derived as 


or Vertical Loading. —From Fig. 28: 


7 


or Vertical Loading) 


4 A 
i sine the e arch is 


die 


oro 


i 


% 
— 
- 
| 
— 
— 

— 
— 
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a4 
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FERS 
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29.5 


69 


800 


610 
445 


60 
3.60.6 


Par. 
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~ 


DESIGN OF A SKEW ARCH 


TABLE 10. _—SoLuTion FOR FOR UNIT VERTICAL LOADING 


0. 
0.0596 


Crown; 


TABLE 


| 4 


090 


0.180 
0.270 


(0.418 


= 


d point. 
asin cos > 


Loa 


DD 
Coto 


t L = 288000 X 0 


— 04600 
q 0.87 0.079 | = 0.25 33 0.795 Count 
8-9 11.00 103. + 92.1 f the 
— © 
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4 


zim ror Inriugnce Lines (See Fig. 29). 
The numerical example illustrates the use of the 
|= and the ‘saving of of numerical work i is from a a comparison of 


are i in Pounds per Foot Width of of Arch” 


= 
2 
< 
3S 
° 


sp 


2675" 
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The wishes to his gratitude to Mr. Hayden for Leis. encourage-_ 
‘ment he has received in the preparation of this paper. He is also under | 
obligation to two other members of the Design Division of the ‘Westchester a 
County Park Commission, Mr. Aaron Cohen, who ‘Part I, — 
William R. Frederick, Jr., Jun. Am. Soc. 0. E 


| 
te 
— 
— 
1.320 
— 
— 


— 


— 


= 


Pa pers 


of 

de arches are grouped It will hat ‘Gen equation 
= discontinuous. The purpose has b been to arr ange the formulas in such a 
way that any one using them may turn back to the text for an explanation or 
derivation. For example, Equations (46) follow E quations: (3) in Appendix 

‘ Both | these sets are essential in a design, whereas Equations (1), (2), and (4) 


‘0 (15), inclusive, ete., in the 1 main paper, are necessary only for the derivation 


to 
of the final design “equations. _ ‘The number of the equations in Appendix I 


serve to identify their normal position in the par paper, where the derivations. 


4 FOR Compumine SrREssEs 


"Equations (2), (8), as), (19), (20), (21), ), (25), and ), which f follow, 


Sy ymmetrical Arches 
For: to to the design of symmetrical use 
(3), (16), and (19), as follows: 
Stresses at a Section. 


cos sin 9. 
sin ? p41 Ex cos — + M,, cos = M, sin 


We(@—2') cos (2 — 2’) 8 sin 
= T. x COS exsing+ + M, sin @ + M, cos 
He —2') cos @.. (2e) 


the lower signs » the r sight half. The loads, Ww and H, only 


WT Co- -Ordinates of Crown ‘Section with Respect to Any Point, P.— + maitti¥ 


ical Arch ( Origin Co-O Ordinate 


in 
i 
a 
— 
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we 


x si A— 


* 


Po 
cos* @ A 


or 
— 
| — 
~ 
actor, 
Gas |- — 


DESIGN OF A SKEW 


4 


= - — 


For a load, H, at the | point y= = yi, 


@sin oa — 
My 
P 


sin pcos ‘sin ° cos 


é 


™ 


— 


or temperature stresses (t° rise 
and, ,C,= C, = C, = 
All the summations are from n A te C (Fig. 5) ) unless otherwise 7 


Final Equations for the Two- Hinged Symmetrical Arch (Origin of Co- 
Ordinates Crown Center). —As in the case” of the fixed arch, the ‘final 


| 


+ K,T, + KM, On... 


M, = eT, 


Alt the coefficients given in ‘Equations (19) have the same values as those 


in Equations (16), with the following additional values: 


equations are written in of the e coefficients, K and 


— 
| alr 
Oy = 
| 7 
| Os = 
| = 
a, 
(20), 
| 
— 
— 
a 
— ax) 
— 


Jas an’ 1 931 
Jonvary, 1031, 


orizontal load, H, at the point, y¥=y’, 


o> 


= 


 Unsymmetrical Arches 


r 
at a “ale er 


sin + R, cos — ¢ — H sin 


excos e+ Ry + Ryo’ —Nysin 


2’) sin @ + H (« —2') cos 
m = By ex sin +R, € COS o— —N, 


Co- Ordinates ihe the Right Abutment with Respect to Any Point, ee 


OF A SKEW ARCH  #£éZ 
- § For formulas to apply to the design of unsymmetrical arches, use E uations iia 
Co- 
final fa 
. (190) a 
‘ — 
— 
— 
— 
— 
as 
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y Final Equations for Unsymmetrical Fixed Arch (Origin of Co- _Ordinates 
Isa at Center of Right Abutment) —Here, agi again, the final equations : are written | 


in terms of the K and | C, for brevity: 


1 
‘K, R, — K, R, + K,R, + K,N. 25b 
K, + K, +K 
Ky R, + Ky R, + Ky R, + K, N, K, N, 
+ Ky By — Ky B, - 
which, the coefficients for all loading and stre 


= sin Cc = — 


108 


>" 


a 


nd 


tie @ cos — 
ALE 200 


— 
4 
| 
| 
— SS sin? 
aii 
— 
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ri For horizontal loading: 


As]... 
sin @ cos 
j 


— 


4 
H “<7 8 


ae 
C 


the summations are from A to B (Fig. » unless otherwise 


rates Is at Center of ‘Right Abutment) — yi van ds 
R, + R, + E,N,. — K, N, = 
Rat Ky) C -( 
+ Ky R, + 


x 


— 
> ‘a 

of 

3) 


yee Papers — 
4 All the “ieee | are the same as in Equation (26) forthe fixed | arch 
which varies under conditions as follows: 


For temperature stresses, 


4 


4 Equations for Stresses ses per Unit Width ot. Arch 


ee 


—— (at the face of bridge 


(at any other point of the auc. 


(at the face of bridge). 


maw,” 


(at any | other of 


rn 


=" sin? m’ cos? + 2m, sin COs J 


tn 
= (m’ — m) sin cos + m, (sin” cos” 


BS ty) sin COs - + t, (sin? 


For 
— 
faigosrod 
~All _the following equations are fully explained in Part 4. — 
ts 
— at” 
— 
— 
— 
ay. 
— 
— 


Dy 


They may be adapted to special cases i in the following ways: 


2) 
ta 12% = ——_ 
m 


‘ham face of bridge)... 


2 
n 
Po 
Gt the face of bridge) 


For Maximum and Minimum Torvion Moment.— 
al at 


= 2 
> + 4m, 


_ For M aximum and Minimum Shearing Thrust.— 


— 
Boa) 
35) 
(36) 
q 
(43) 
— 


AL Desian ‘Formunas (64) 


BENDING; IN One Direction, IN THE 


Face OnLy Fic. 30). 


(A) Tension over | Compression over | (@) Tension over 


part of section partof section not 
steel. section. containing steel. S (64 


Me (2—a) 


j 


ae) bjs te as 


fin cos 


nh(2—qs) 


in any of the equations, gs = 2, and j that becomes indeterminate. By aifferen-_ 
‘tiation, it can ber reduced to a determinate value: ue: + os = which means that the resultant is a 


h 


a 


SCT 
— 
— 
— 
— 
— 
— 
q 
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a ¢ 


—° 


% 
ir 


| 
An cote 


TENSION PART OF SECTION NOT CONTAINING STEEL 


x 4 
diffe eren- 


Itant is 


2 
ENSION OVER THE PART OF SECTION CONTAINING STEEL 
me 
— 
— 


CASE II. 


Face ONLY 


(A) Tension over 


part of section 
| 


—f'sp’ j’ bd? cos2a 


(B) Compression over 


entire section 


sp j' bdtcos?a 


wa 


deost?a 

1 — 


ay 


( C) Tension over 


| 


of section not Equations 
containing steel. 


| b a2 


—f'sp' j' bd? cos2a 


| 
f’s cos? a 


= t cos? a 


f's cos? a 
nfek 


7 


k=8(1—j’) 
SAL 


= 


on » rats 


| @ 
| 


dtsinacosa 


j tsina cos 


fea’ 


e’ costja +) Ac'esin? cos? Binsin tae 
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Elevation od Deformation ‘Shear | Deformation 


(A) TENSION ¢ OVER THE PART OF SECTION CONTAINING still 


4 


fe 


TENSION OVER THE PART OF | SECTION 
Fig. 31. —Sm™PLE BENDING ; STEEL IN EXxTRADos FAcE ONLY. (SEE II FoR 
ONE DIRECTION AND CaSE VIII FoR STEEL IN Two — 
| 
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CASE ML. Beyvina; IN One Direction, BUT IN 


| 


| 


(2 T 
at 


(fep + fs 
a= 


f'sp' bdr cos? a | 


(B) over 
entire section 


(0) Te ension over part 


extrados_ 


fe (2—4q) j bt? 


x 
— 


7: 


2a 


~ 
e 


Su 


ja 


“tacos? a 


COS? a { 


For partial moments 


TO 


we 


—f'ep’ bdrcos?a 


~ 


a cos? a 


fe (2— a) 


cos? a 


f's post 


PUR 


ire 


~ 


13 


< 


wr | Papers | Ja 
| 
M —Me=| fapabdrcosta | 
— | = 
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ending 


Agcostar = 


6 


(B) COMPRESSION OVER ENTIRE 


OVER PART OF SECTION AT EXTRADOS | 
Fic. 32 BENDING; STEEL IN Faces. (SE Cass III ror STEEL IN One 
_ DIRECTION AND CasE FOR STEEL IN IN Two DIRECTIONS. ) 


= 


— 
TENSION OVER PART OF SECTION AT INTRADOS 
—— 
iil. Me 


Papers” 


(A) Tension over part 


of section at intrados © 


sin cos a4 = 


Ms = 


: 


— ae) jad t2 —f'ep bdrsinacosa 


For PARTIAL Moments. 


(B) Compression over : (C0) Tension over part 

entire s section of section at extrados 


=, 


b t2+ fepbdrsinacosa 


4 
4) js 


Aq 
= 


d | | 
(2— 


Msc = | 
= 
f'sp' b 


™,! 


ae? Ili Fos 


Ae 2a he 
cos* ce sin? 


(p ee + p’ c's) sin? a cos? 


a 


A 


e’) cost + 


Al 


_Inrrapos Facer (See J Fic. 33) 


(A) Tension over er part over | (0) Tension 
f _ of section containing © 


of section not 
entire section eon containing steel 


t 


1 a, 


cos? a ud 


| 


2 
| 


— CASE ONE Direction IN 


a 


SE lV. Continued. 


(C) Tension over part 


of section not tions — 
"containing steel 


cosa= |. (2—qs) bt—S 


3—2qs 


(1— t 


— ds 


G. of Section _ 


TENSION OVER THE PART SECTION 


es 


Case IV For IN ONE DIRECTION AND CASE X 


i 
Wir 4 | 
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(A) Tension ov wer te 
part of section 
containing steel 


(B) Compression over 
entire section 


(0) Tension 

of section not 


b dcos? a= 


52> 


4 


N 


fo kj’ 


— 


1) y é ;o= 


at t cos? a 


(2-4) (14 
4 


a>. 


a 
— - 
— 


Bending Deformation 


dine 


t 


aon 


7 TENSION OVER 1 THE PART OF SECTION STEEL 
a 34 —BENDING AND Dir ; STEEL IN EXTRADOS FACE ONLY. (SEE 
y IN ONE DIRECTION AND CASE XI FOR STEEL IN Two 


‘ow 
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1 Shear Deformation 
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q pression over 
part of section entire section part of section not 
| containing steel containing steel (64) 


 —f'sp’ ten acons 


_ For partial m 


4 
— ‘es 
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CASE 1.—Benpine AND Dirgcr STRESS; Steen 1n OnE Direction ONLy 


‘BUT IN IN Born Faces (See Fic. 35) 


(A) Tension over part | (B) Compression over | (0) Tension over part 
of section atintrados | — entire section | ofsection at extrados 
bdecosta= sill 2 N | 

f'sp' bdrcota — f's p’ bdreosta —f ‘sp’ bdrcosta 


fe ki’ ba? fe (2—q) be q fekj’ bd? 


| 


| 
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rit 
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-a) (1-54) | | 


j b d2 


fa p2 b dr cos? | — 


For partial moments 
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“| 
7 — 
8 
wf 
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i 
—or 
nh Ne 
Ty » 


VI.—(Continued.) 


(A) Tension over part | (B) Compression over | (@) Tension over part 
ofsection atintrados entire section of section at extrados 


sina cosa = 
— qs) jsb — f'sp' bdrsinacosa 
h(2— + darsina cose 


Equa-- 


1— qs 


sinacosa 


? FoR PARTIAL om of 
h (2— qs) js bt? 


bdr costa 


a fe a cont at a 


«con! 


c cost a+Acssin? a cos? a 


cost a+ Ac’s sin? @ cos? a 
= 
cost a +A e's) sin? cos? « 


= 
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Sa 


Ah, E. 


COMPRESSION OVER ENTIRE SECTION 


TENSION OVER PART OF SECTION AT EXTRADO 


(85. —BENDING AND DrREcT STRESS; STEEL IN BOTH FACES. VI ‘STEEL IN 
ONE DIRECTION AND CASE XII For IN Two DIRECTIONS.) 


is 


— 
Deformation — 
— 
m) 
on 
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VIL. 
Face (Sue I Fic. 30) 


mm 

(B) Compression over | (0) Tension over 

~ entire section part of section not | 


— — 


(1— J) 
2 te Pp COP fe (2— — typ, fok—tp cos? 


= 
fons 
(64) 
: Step costa= | @ 
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CASE Vill Sree IN ‘Two Directions IN 


part of section not 
containing steel | entire section steel 
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“CASE Benpine; Steet Two Directions AND IN Bora Faces 


(A) Tension over Compression over (0) Tension over the Equa 
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Papers 


x —Benpine J AND ‘Srress; STEEL In Two Directions 
IntRapos F ACE (See Fic. 33) 
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containing ‘Steel 
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CASE —BENDING AND Dinsor Sreet 1 IN Two DirecTIONS 


(A) Tension over 
part of section 


part of section 
containing steel (64) 


7p 
(B) Compression over 
entire section 


fe (2—q) bt —N 


fo (2—@) teks ba 
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(A) the (C) Tension over the 
of section entire section ‘part of section 
containing steel containing steel | (64) 
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DISCHARGE DIAGRAM FOR | UNIFORM FLOW IN 
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By Murray BLANCHARD," M. Am. Soc. C.E 


Synopsis 
This: paper intro duces a +a agram of discharge stage and slope or fall rela- 


tion for uniform 1 flow in open channels. is based on Chery formula 
wherein, for a constant stage, the discharge widen as ‘the square, root of the 


; slope or fall and is ‘designed to g give » the discharges s at any ‘stage for the falls 


A discharge diagram consists. of a series of fall curves referred | to dis- 


“charges as abscissas and stages as or ordinates, | from which the discharge for any — 


observed stage and fall can be e obtained. > 
a _ The e development of the diagram i is shown by a practical application to a 
series of discharge measurements made i in 1914-1 16 on the Chie Sanitary | 


_Distriet Canal with regulated flows i in a uniform ro rock section. SAGAS iv 


on Discharge diagrams are applicable te all uniform stream flows, whereas the pe = 

ordinary discharge curve cannot be used where there is | back- water effect = 


_ In many ‘streams for 1 uniform flow | there i is s only one stage and a a correspond- ee 
ing ‘slope for any “discharge in a reach between Stations so spaced ‘that the 


_Water- ‘surface profile i is a straight line. An increase in the discharge creates" 


4 
a higher stage with its corresponding haan Increments of discharge have their 
accompanying» increments of stage in such a manner that by plotting dis- | 


charges: as abscissas and corresponding stages as ordinates, the points will | 


fallin a regular r curve. This is the ordinary discharge curve shown in Fig ig. 
The profiles that obtain at the various stages 2 are of the type shown in Fig. 2 


They do not cross one another, | are nearly parallel, and are approximately 


_ Sometimes, it is necessary to tie: measurements of discharge when the 


flow is not uniform; that is, , while the stage is or ‘falling. 


ae 


a | i fo : 

— 

| | | 

4. 

a 

te 

— 
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(h) 

— 
— 
— 

— 
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RGE DIAGRAM 


thus obtained will fall, respectively, to the right or left of the curve for uniform 


: flow, and: methods have been devised for reducing these discharges to set 


ror on the discharge curve, in the Svictions indicated in Fig. 3. 

HEN THE DiscH ARGE | Is Nor APPLICABLE 


__ There are streams in which ‘the flow is varied by inflow and outflow such 


that, at any stage, a wide range of discharges may obtain. ‘This may be due 


oe @tT The back-water effect of high, low, or intermediate st stages — the 


= yeeeiving reservoir (river, lake, or pool). 
The effect “of a large tributary infow. 
(c) The effect of high, low, or 


‘ful: 
A-R R=Rising Stage 
F=Falling prover 

$=Stationary 


1—TypicaL F Fia. Fic. 
TYPE A. DISCHARGE CURVE 


UNIFORM FLow. FROM NON-UNIFORM 


- A in instances of stream gaugings made under these conditions are given 


1—Typica, Srreams Have Prorites or THE Type 


r 
“Years: Authorities  restrvoir ty “reservoir Roaches | stations 


Detroit ‘1902-08, U.S. Lake Lake St. Clair.) Lake Erie. 4 |Mich. Fort Wayne, 


* 


Mississippi || |Beardatown, 
Various.|) “partment. Lake Peoria. 
1? “os avana 


Copperas 


1914 16. District Lake dam at Lock- Springs, Ill.,to+| Lemont, Ill. 
of Chicago port, Ill. | Lemont, Il. 


eB we Report of Chf. of Engrs., U. s. A. “for = Appendix EEE, pp. 2867-2872 ; and for 

“Hydraulics of Chicago Sanitary District’s “Main Channel, ” Journal, Western Soc. of 

wee = The instances listed ; in Table 1 are illustrated graphically i in the Profiles of 


B, Fig. = the reach, A. B, the upper pro ofiles a mean 


ele 
* 
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disc] 
stag 
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q Stream = 
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elevation of water: surface and the lower have common 


In making a study and investigation n of flood flows of the Illinois a < 
“ities, would appear to be grossly in error when compared with the v values 


‘in 1929, these conditions were encountered. It was” found ‘that at the : 
gauging stations in the lower 100 miles of ‘the river, ‘discharges that had Sag ; 
measured by competent observers. under the direction of most reliable au author- 


age 


te St 


Stage 


"Station Distance” 


Fic. 4.—PROFILES, Fig. pica DISCHARGE 


To obtain a substitute for: the he rating curve conditions the 
developed the discharge diagram ¢ described herein. % It consists of a series of 
“curves of slope which are referred to discharge and stage, and from anal the 7 


discharge | ean be obtained for a . known stage and slope, | or fall (see F 5). 


Consider, first, a reach in which the : slope is unbroken, and a —_— mean 


- stage of reach. The Chezy formula for discharge, Q, in terms of mean — 


uging ff of section, A, mean hydraulic : radius, RB, and slope, 8, is: 0 eee 
in which, is a constant and the slope, 8S, is equal to the fall, F, divided by 
the of reach, Le For a single stage under consideration the factors, (A), 


| (R), and (L), are constant. Therefore, K may be substituted in Equa- 


ley City, ‘tion ( for the quantity, so that (1) becomes, 

any other discharge and corresponding fall Genoted by the subscripts, 2), 


e1r 
uch 
— 
— 
given 
— 
— 
— 
| 
— 
: 
be 
} 
— 


of obtaining a diagram from these formulas may 


1.—Decide upon a base discharge ‘about an to which 


observations at are to be reduced. 


'TABL 2.— —SAMPL E CompuraTions REQUIRED Fo FOR CONSTRUCT ING 


4 (ALL Minus) | DiscHaRae FALL 


Jo 


on No, 


Qz, 


r second | 
f 


agram, 
iy per secon 


Residual, 
cubic feet per 


in cubic feet 
Residual 


Observation, 


» 


and mean, Q, 
‘a. 
Observation 
Fy, in feet 
cubic feet 
percentage 


Di 


0.52 | 34 9 4100 ‘ 


|— 


‘ 6 0.39 


7010 | 0. 600 


0. 57 


Si 


or fal 


similg 


ompute the average elevation of the ‘reach f 


in 1914, 1915, and 1916. 


—— 
call 
stag 
oof t 
resp 
#€«3~C— 
obse 
give 
Fig. 

1570.68 | 1,88 | 1.08 hae 

is step is demonstrate’ telatic 
4 to the base discharge. This inage 


a 


Resiaual, 


Qe 


Q, 
ntage 


erce 


lary, A DISCHARGE DIAGRAM 

= —Plot the falls as abscissas with the corresponding average stages as 


—Pass an average smooth curve e through the 4 points thus obtained and D = 


 6—F rom the base curve, take off the fall ‘for the > base discharge at ae 


—By means of Equation (4) compute the discharge ‘corresponding to a 


Compute the dischar ges corresponding to other desired falls, F,, at | 


sic 


the st stage intervals plot the discharges : as. abscissas and the cor- 
re pending falls as ordinates. 


dee —Join the points of the same e slope value and smooth slope curves" 


“re 


Fig. 6 ‘in an a discharge diagram constructed from actual 


observations made on the Chicago Drainage Canal, some of which data ee 


given in Table 2. series of slope curves form the discha: arge diagram 


ie 


OB 


__|Curves of Fal) 


' 
wo 
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below Chicago City Datum 


 Elevati 


06 07 10 M122 3 4 5 6 7 8 9 


a Discharge i in Thousands of Cubic Feet per Second - all 


Since a stage at one end of a in connection any c¢ certain slope 


or fall corresponds to a definite discharge, | a diagram of discharge, and end- 7 
station stage, and slope or fall relation can b be constructed in manner 


similar to that for the diag gram of dischar e, mean ste 


over the discharge curve, , of maintaining and reading t two gauges in each reach 
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©) | 
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— 
nstrated ime, and al — 
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mae 


wba one. It would seem in most cases the 
obtained from the former "would | warrant the expenditure. 
Even if the diagram is constructed for all cases” of uniform ‘there 
wo also be the “special uses for the discharge curve, which gives for any 

2 that normally or most frequently occurs. Iti ‘is often <4 
"Thus , the increment of discharge in the e outlet of a large taking 
t also the effect of evaporation, ete., is a measure of the of with-— 
drawal from the lake of a volume equivalent to the increm increment. 
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LEGAL PROBLEMS INVOLVED IN ESTABLISHING. 


When fire, flood, disease, or other calamitics threaten ‘the ‘people of a 

‘munity, National, ‘State, and “personal ie: sacrificed ‘withont 
ait ‘compensation. ‘This paper atte attention to a new idea, based on the age- old 7 
' function of sovereignty ; namely, that if narrow streets in a ‘community ol 7 
fe +80 dangerous. as to require . widening for the preservation of public health an 


“safety, ‘the acquirement of property for such widening is a | 


J 6; the Courts « could be convinced by en engineers that street- widening problems / 


are indeed problems of sovereignty, the tremendous financial problems encoun- q 


tered at ‘present would be solved. _Set-back lines could be established on 
ean streets by § giving due notice that in ten, twenty, or thirty years from 
that date the property thus segregated would revert to public ownership. In the 7 
meantime, the private owner would have time to make the necessary 


‘ments to meet the requirements of such a law. " er 


4 ‘The term, ‘set- lines”, as in this paper, 


so-called set-back lines - employed in zoning which were ¢ established to | a 


bounds beyond which buildings shall not be constructed. 
Later, the so-called zoning lines or building lines are mentioned i in ie 
tion with some Supreme Court decisions which established the validity of such | 
| lines, without ¢ t co ompensation to the abutting owner. | The ‘set- back line for 


street widening is only one step farther and is as clearly within the field of 


lished for the purpose of future widening of streets for traffic and not to the 


governmental sovereignty as the | other form. pti 
The main ‘Purpose of this paper is is to help that the Courts 


a Presented at the meeting of the City = eal Division, Milwaukee, Wis., July 11, 1929, 
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ROBLEMS IN SET- BACK LINES 


_ the e spread of — the abatement of nuisances, the struggle | to prevent the pub 
the 
‘reas 
This effort is prompted by repeated remarks made to the writer by city | 

engineers and others who are devoting the best years of their lives 

to this. work, to the effect that they are | “in a a fos” in a to understand ic 
e | 
high 

clearly how there can be a of sovereignty few 


volved in this problem, which is older than any constitutional provision on 


‘the subject. 


this legal is solved along historical lines and if the Courts adhe 


q are problems of sovereignty, and if the daititinn are quite uniformly announced Prope 


: to > that effect, then the great financial problem that i is involved j is also solved. that 3 
— other words, if the Courts would uniformly hold that the great American racki 
peri of widening streets to take | care of present and future traffic needs i is admii 


a problem of sovereignty. Then asa a matter r of sovereignty, the streets and high- | At al 


_ ways can be widened the same as buildings can be destroyed to prevent the 9° 

» spread of fire or the same as a high- salaried man can be e quarantined to prevent iy 
the spread of disease. ~All these things are done under a recognized govern- | people 


mental power which is older than any Constitution, Under § such circum- starth 
43 “stances the ‘property that it is. necessary has not been taken for 
eld t 


net neeessary to pay compensation to the abutting owner, only 

The mere statement of the proposition | creates resistance and the writer gettin, 


Wi 


” Proposes not only to show how historically s sound it is; but to show how close 
some of the Courts are to a correct solution of the problem at present. Tae this ms 
No space will be devoted toas statement sy the necessity of widening | streets " the 
and highways: throughout this broad land. Engineers are more familiar with § 
that phase of the question than the writer, Ww rho will just: take it for granted. of life 


The | enormous financial | problem involved also requires no "further discussion that si 


other than a re -statement of the fact that the ‘correct solution of the legal thereb; 

"problem at at the same time solves the financial problem. Of course, the financial 
and legal problem is twofold because : now it is not only necessary to re-build §_ The 
the old “horse- and- buggy” streets into automobile highways, but it is intend 
-_mecessary to plan for future requir ements, along the > streets which are being ‘Jaid Phrases 
a out, with the tremendous growth of self-propelled vehicles in mind. — dll compen 

wv RELation 7 o LeaIsLaTION ina Set-Back Lines much a 
eck, - Without any reflection o on “engineers the’ writer knows | from personal talks if dise: 
with them that quite generally they are not familiar with the Constitution of §” cons 
the State in which they practice. f Ordinarily, the engineer realizes someowhst Yarious 
ea vaguely that there i is a clause in his State Constitution as well as in the Fed- _ The 


— 

iz 

~_ 

— 
\ 
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eral Constitution to the effect that property, shall not for a 

public use without ‘compensation The engineer is quite thoroughly convinced 

sell that the widening of a street and the establishment of a set-back line involves . 7 

: the taking of property from an abutting owner for a public use and, for that se 

‘reason, compensation is necessary. Then he. gasps at the billions and millions 

of dollars that are required to do what’ ought to be done to the present “horse-_ 

city 

-and- buggy” ” streets in order to ‘0 convert tl them into automobile highways. 

and Engineers can n do a great service by compiling and broadeasting | 

seed the land an estimate of the billions of dollars which it would take to put the 

highways the United States in a safe condition for automobile traffic. 

few years” ago the w riter drew the first ordinance for regulating the heights 

q of buildings in | Milwaukee, Wis. Twenty years previously the regulation 

are 

property and commit some trespass. The Courts. had already 

that he might reach over actively either creating offensive odors or a nerve- 
ony racking n noise; but up to the time of the Milwaukee ‘ordinance no one had 
i is admitted d that the regulation of building heights was a function of sovereignty. 

high- At about that time American engineers offered the statement that there were - = 
it the enough people on Lower Manhattan Island at ten o'clock i in the ‘morning to — a 
rev ent fill the streets to the top of ‘the fourth - floor windows if » for any reason , the i a 
people should rush ‘into the street at the same “moment. That statement 
: a] startled the country and the Courts began to realize that the regulation of _ 
building heights was in n fact a function of sovereignty. Since then they have 
a it fs held that the municipal units have the right to say that building heights shall — be oa 
lite only reach certain limits for the simple purpose of toventing more people from wel an 
getting into a district than can be accommodated in the streets. 
What the writer wishes to emphasize i is that if the engineering societies 
ete & this country will inform the Courts of the billions of dollars that are required — 


a jat the present time to put the ~“horse-and- buggy” streets in a safe condition 
streets 


for automobile traffic | and, at the same time, tell them of the tremendous loss 
ranted. fh of life and damage to property that is constantly taking place due - to the fact 


that such streets are not safe for automobile traffic, these organizations will 


thereby do much to cause the Courts to realize the of great 
ic problem is fonction of 
There is nothing new or novel in this suggestion. “writer does not 
js also intend to do any violence to the clause in any Constitution which, in round 
sing 1s aid thrases, states that private property | shall not be taken f for a public use without bb : 
compensation.  Allhe suggests is that the Courts, through the « engineers, should 
phere be made to realize that the great traffic problem of this country to-day is a as 
Lines much a problem of sovereignty as as s fire-fighting, quarantine to prevent the fists 
nel talks of disease, the peremptory destruction of nuisances, entry upon private 


tution of to construct levees to prevent great rivers from destroying property, and the 


% The writer knows from personal experience e that engineers and city ‘planed 7 


have had more to do with the establishment of the legality of the he building 
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heights regulations and. zoning laws than the legal profession—in that engineers" 

and city planners furnished the facts, figures, | ete., and, i in some instances, 
even submitted non-technical briefs to the Courts. Furthermore, engineers can 
. do more than lawyers in | convincing the Courts. that the present tremendous 


traffic: problem (which is at the bottom of the ‘Tequirement set- back lines 


; — lawyer will simply declare that it is a struggle between the police power 
and the Constitutions of the various States. . The term, “police power”, is a 
unfortunate one. It suggests bluecoats, brass buttons, and billy- sticks, 


ors ‘something of that kind, when, in fact, it means the anaes of aaaciaes or 


nthe 


=} 


soverei nty, or the power of a people to preserve itself. ne res | 

2a Private Property ror Pusuic Use Wirnout 
_ Mere words are often misleading unless the reader is able to go back of | cert 
them, into history, and know th the fundamental principles, the Fed- 
oral Constitution and ‘the Constitutions of all the States. _ They contain a for 
zomposite provision that private property shall ‘not be talon for public use” ther 


without just compensation. The word, ‘ “property”, offers no difficulty. — Some Tithe. 
difficulty may be encountered with the word, “taken’ en”, but it is. “necessary to | 


trace the meanings even farther back. — Every one knows that even before’ th: the “upor 


of any American colony, were taking property a as certs 
a phase of sovereignty | without compensation, and they are still doing it. &F or TE legal 


7 illustration may be cited: : Quarantine; the abatement of public nuisances; ‘the to e) 
: destruction of contaminated food; the destruction of valuable buildings to § with 
prevent the spread of fire; the confiscation of gambling devices ; and the per- abou 


-_ emptory right to enter upon private land and repair levees, which is quite years 


- ‘Many other illustrations of sovereignty might be cited, most of which are § such 
= we in principle 1 than : any Constitution in this country. | These powers were wide 


extended to the very existence of sovereignty in its simplest form. They | were that 


When the Fifth Amendment to ‘the Federal Constitution was B one o 
written, which stated plainly that private ‘property ‘shall not be taken for a 

public use without | compensation, no one he had in mind the prevention or stop: past 
of the further exercise of this. recognized phase of sovereignty. The 
 Caiietion of the State of Wisconsin was written in 1848. Section 13 om. 


8 reads as follows: ‘ ‘The property of no person sealing taken for In 


of the 

int no shor 

on to prevent the destruction of buildings sad of widen 
intention to abolish the power of abating The q 
Wisconsin Cc Courts have recently ruled that the sovereignty of the State may ‘Was a 
say toa man that he may not put a certain kind of a building i in a residence wauke 
— district (Carter vs. Harper, 182 Wis. . 148) ; that he cannot construct his build- Courts 
—- ing beyond a certain height in a certain district; and that he cannot build ficial 


within 15 ft. of the street on either side of a corner lot. (Hayes vs. Hoffman, 


a! Fapers Ja 
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can be. quarantined him to lose his se salary without 


“compensation, ot if a Government can destroy | his property to ‘prevent the 
spread of fire, or if his land « can be seized without compensation for the purpose 7 
of ‘constructing a levee to. ‘prevent the spread of a river then it should be 
- possible to convince the Courts that the United States is confronted with a 


Reig dangerous: traffic problem, the solution of which is necessary to existence. 


wer | _ After that it is not a long step for the Courts to state that this traffic problem a 
sa 4 an ‘be solved as a ‘phase of sovereignty, and that the acquisition of the neces- 
cks, property is not a prohibited taking within the constitutional 
mor e than the othe confiscati 
—— ‘The Courts have , already held, and are now uniformly | holding that, as a 
a ‘phase of S0- -called police power or as an element of sovereig eignty, a State may : 
7 prevent a a property owner from: building above a certain line or beyond a 
k of certain: 1 distance from the street line. es is not asking them to go much farther 


for street widening are indeed phases of sovereignty, and that the execution 


thereof can be carried | out without compensation, the same as quarantine 
‘the destruction 1 of property for fi fire- fighting purposes, 
Largely because engineers expect the law to be an exact. science, they Jook 
upon the growth of such problems in the Courts with suspicion. — They find eo 


certain words in ¢ a Constitution expect to go out erect a series. of 
legal decisions with those bet toa in the same manner as they use a plumb- bob a. 


to require that they recognize that ‘the present traffic problems and the necessity .- a 


ry erect a perpendicular. — The writer w ould 1 urge that engineers be patient 


igs to with the Courts and not hte their respect for them even if they do find them — —- 
e per- about- facing i in a proposition of this kind. It is only natural tl that twenty- -five 

| quite years ago judges did not state that the automobile. traffic was a problem of such 

seriousness that it was a phase of sovereignty, because then it wa as not 

ich are- such a problem. Is it now not a fact that the ‘problem has become so nation- 


rs were wide, that the loss of life and destruction of property are so tremendous, and — 


xy were that ‘Sli to use the old- style streets for self. “propelled vehicles is 
ower of creating so many difficulties and hazards that, in fact, the problem has become ’ 
on was @j one of sovereignty ¢ in widening streets and providing for the solution of the 
n for a problem, the power of government must support the undertaking as, in the 


or stop- adh it has ‘supported the effort to disease and the spread of 


n 13 of OF J Drctsions IN 

ken for | Hoffman (192 Wis. 63), deitded i in 1927, the validity Bs 
pit that ot the  set- -back line was established under a zoning ordinance. There is only at 


was no ‘ . short step from that zoning set-back line to one that would result in the 
of fire; widening of those very streets for traffic purposes. . The defendant owned a 


es. The Vacant lot on the northwest corner of a street i intersection and the plaintiff ‘ 
tate may § Was a neighbor across the street = the southw est corner. At that time, Mil- 


residence 


waukee had a zoning ordinance which had not yet been interpreted by a 
Courts; it required a 1 15- ft. set -back line that residence district. City 
oficials had construed the ordinance to mean that the 15-ft. set- back Tine was 


pga only to the front of the ‘property and not to the side; in other cher wordy 
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of the tow. | The plaintiff lived across s the street and at the end of 31st Street 
so that if the defendant built within the 15-ft. line : along the side street he 
would obstruct the view of the plaintiff. _ The latter enjoined the building = 


operations on the ground that , by building to the 15- ft. line along. the side 


. ‘street, the defendant obstructed his view, and the Supreme Court held that 
the 15-ft. set-back line applied to both sides. — This left the defendant a piece 


of ground » that was too small for building anything of value, but the City of 

Milwaukee paid anh nothing, because it was established | in Wisconsin that the 


i an el f sovereignty. 
zoning - ordinance is ane ement of s ignty, 


- th other words, : it was enacted under the so- -called 1 misnomer, “police power”, pm 
Tf, in this 5 case, the ; defendant was unable to build on this 15- ft. str ip on either | tot 
side, has not his» property been taken? _ And if that restriction is placed there Eas: 
& air, light, and sanitation, or for any raise reason which can be written into § seri 
zoning ordinance, then was not his property taken for a ‘public purpose? 
Nevertheless, there was no compensation, because the so- -called ‘ ‘taking” was: § tot 
under a phase of sover eignty, which i is older than any Constitution of this land. a pe 
The defendant in this case was merely i in the same position in which he would the 
have been if buildings on these 15- ft. strips had been dynamited to prevent § exer 
_ the spread | of fire. He had no more claim against the public for compensation exist 
pees if he had been qparantined 2 away - from a $25 000 job f for two ‘months to to sovel 


_ This case can be used to define a line. of demarcation between “the taking able 
for a public use” as mentioned in the various Constitutions which requires ‘Sover 
"compensation, 1, and “the taking” in the case of Hayes vs. vs. Hoffman which was ‘Tez 


; undeniably a confiscation, but which comes under the head of sovereignty and | 


destr 


does not require compensation. —dAtis admitted that the owner cannot put any 


my oay buildings o on either one of the 15- ft. strips. ss. He ec can run a lawn mower over 
y — - both of them. He might have flower beds in them, but he cannot even build 


a dog house on either one of th m. If the City permits automobiles to run 

over either oné of these 1 15-ft. strips, the City apparently would have to pay . 
riches 

the owner if it was done under : any municipal : recognition, , although if auto- 


althor 

gradually began driving over both the strips and k kept it up for twenty 
. years, ‘the highway will be established without compensation. If the City by 7 


i should go go in and run a lawn mower over these 15-ft. strips, or put in “flower well-k 


“beds, there might be a claim that the City had made a park out of them and 
for that: reason would have to pay compensation. . The question is that narrow. a Th 

The City in this, very case prevents the owner from building over these 15- ft. his vie 


4 - strips so that air currents can pass up and down, so rays of sunlight may pass 


in, and so that ‘the view of the street is improved ; and this is all done without 
- compensation. It is a short step to the claim that the city may permit auto- 


mobiles to pass over the 15- 5-ft. strips - the ‘same as light Tays or air currents. The 


2 automobile | traffic in either of the streets may be so tremendous that the City, 


in the exercise of its sovereignty, may, class” the problem as one that ig just 


first n 

temnal 
the ori, 
be case 


dangerous to the people a as any of the others. com 
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one of these that a k line as notice of future ‘street 
ould be established without a any compensation to the abutting owner, 
The set-back line may be established without compensation ; its establish-. 
ment is not considered equivalent to) the taking of property , although it does 
7 provide that the owner who builds over the line does so at his peril and cannot | 
a any , damages + for the building beyond the line. The validity of this 


statute has not been litigated i in the Courts « although it has been on the statute 
books for several years. establishment of the set-back line has many 


~ elements of fairness, ¢ and it is ‘not as harsh as ; quarantine, the destruction of 

oe to ‘prevent the spread of fire, or the destruction of farms to prevent the = 
spread of a river. _ Another law recognizes the necessity of paying compensation y 4 

to the abutting owner because the other law was drafted a great many years ago. 


i as a part of the charter of the City of Milw aukee, and in that age when the 


of the a automobile trafic had not. t yet been realized. 


a people is a law unto itself. A written iain is a an “agreement ne 


the then existing units of people who make it a sovereignty concerning the 

“exercise: of the phases of 7: government mentioned therein, , and there is not in 

existence a ‘single | constitution which contains an abdication of all phases | wall 


4 


A set-back line which serves to notify a property owner that within a reason- 
able time in the future it is apparent to the authorities that the governmental 
‘sovereignty v will be called ‘upon to expand ¢ a street for the solution of this great 
threatening problem, is much fairer to the property owner than the sudden 
destruction of his building to ) prevent ‘the g) spread of fire or the peremptory and 
sudden quarantine of his body to prevent the spread of disease. The ery that 


generally goes up in the United States is that this i is the richest country in 


the world and that the Government should pay and pay well for these : strips 

' build of land necessary to convert the out-of-date streets into automobile traffic high- 

to run ways. This country may be the richest nation ir in the world; it may have the 

to Pay Ff richest group of States in the world; but this ; problem is not a National one, — 

f auto although it is nation-w ide, and it is not a State problem, although it exists in 

twenty ‘every ‘State - in the Union. It is a problem that must be financed 01 ordinarily ' 

1e e City by the local municipal units, such as towns, cit cities, and villages, and it is. a 

1 flower well-known that” such municipal units are habitually financially em- 
narrow. The has had some with street widening that have changed 
se 15- ft. 4 his views considerably - concerning | the harshness | that might be : apparent at the ni 

nay pass frst mention of the necessity of taking over this” problem as. a 
without ‘overeignty. In Milwaukee there have” been many in instances in 

ait auto 

its. The 

the City, be cases of hardship when the Courts” are to that the 

tis just she Wisconsin statute which claims that the set-back line can be established w'thout 77 

‘ay compensation to the abutting owner is Sub- Divisions (10) and (11) of Section 62.4 23, 
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| 
Li 
street widening | ‘is a ease of sovereignty (which means it will be done 
_ without compensation for the land taken) ; but there are hardships 3 in every 
phase of the contact between the private citizen and the administration of public | 


duties. — In his twenty years of e experience 1 in municipal | law the writer has been 


forced to recognize that even taxes are ‘unequal; that the j jury duty burden does 
not fall equally upon the public; and that the support of the public schools can- 
not be made equal. In fact, not one single burden in the public field can be vid 
‘to fall equally upon the people. The e statement that there m may be hardships ~~ 
the proposed solution of the problem does not condemn > that solution. 4 For 
’ each case of apparent injustice and har dship where there may be a set-back line 
aj in a “necessary widening of the street without compensation the ‘abutting 
¥ : 4 owner, there will be dozens of cases 1 in which the widening of the street will a 
: a create enormous additional property values. The » advantage of the set-back line 
¥ ist that it can n be so slowly and gradually established | as a street line as to remove 
most of the ‘injustice. _ Te might even be provided in ‘such a law that, if there 
Inust be a “taking” within five years of the establishment of the set-back line, 
there will be compensation but that there should be x no compensation after a 
year no 
“notice 1 might be extended to ten years. | 


_ Suppose the City of Milwaukee should serve notice on an owner that five 


pens from date | his s house w would be blown 1 up to prevent the spread 1 of a di danger- 
ous: fire it is would happen. That: would give the owner plenty 
Milwaukee ‘should say to a man that he: quarantined in “years 
three weeks to prevent the spread of smallpox epidemic 1 which the 

1 authorities know i is going to oceur, bee comparison does not tt need operat 


every 


for instrumentalities for removing the hardships which ¢ are incident to ‘the lations 
very eases i in which ‘the Government does exercise its sovereignty without any Bd 
es As the United States continues to ‘grow: and its problems become more 
4 “complex, a great many of the old ideas which have been instilled into the minds 
i its people will have to be discarded. . People seem to like to say that “a man’s 
é house i is his castle”. They seem to enjoy saying that this i is a country of liberty 


a man has absolute ownership of his property. is ownership! 
me ‘Nothing is more ‘mythical than a - tithe e. Title is nothing but a gift of | sov- 


ms a If title i is claimed toa piece of real estate i in n America to- mn what 


= of that kind, as a matter of ‘there is, at the 

Be i 4 beginning of the chain of title, a patent from the Government. That title is 

no stronger than the sovereignty under which citizens are living. 

_ * The very existence of the title depends on sovereignty. In fact, the title is 

‘simply | an asta of sovereignty, because the je Government, with its Courts) 
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1981 LEGAL PROBLEMS IN SET-BACK LINES 


in permitting sovereignty pl deal with or to it so as. to 


lie comply with the requirements that ‘spring up in the self- “preservation of a gre 

een | people. For instance, consider the statement that people like to | “roll under a 
oes - ‘their tongues” to the effect that “a man’s house i is his castle”. "When two castles _ 
an- | are built close together things begin t to happen. For instance, one castle owner - 
said cannot dig down on the property line so as to disturb and cause the soil of the ; 


neighboring castle owner to fall in. As a result the easement of lateral 1 sup-— 
port has grown up. , One castle owner cannot runa tannery on his property s so as 


to offend the nose of his neighbor. i Things gradually developed | so that he was = 


not allowed to create other | nuisances, such as disturbing 1 noise. . When a castle a] 
owner lived all alone he could throw his garbage out on the surface of the ground, : 


line but when ‘other castles commenced to be built in the the e neighborhood he found Ey 
move that his so-called liberties were being restricted. As the castles continued to. 
there “spring up, their owners fou: nd erin they could not build so close to the property 
line, line as to shut out light and air; and in the great cities buildings cannot be 
Her a constructed so as to attract more people to the district than can be accommo- - 
vance dated safely. . Iti is not going very far to state that, since ‘it is recognized that — 
bt a castle ow ner must give up many of his so-called rights, s such as in the e case - 
tn of zoning and building height restrictions, he will likewise have to give up land — 
Mt” so that streets may be expanded t to solve one of the greatest + problems that has ~ 
anger- 

ity of American’ soon hold uniformly that the to traffic 


> years | problem ‘is ba | phase of sovereignty _ and that private rights shall give way, as 


they must, to fire- fighting, abatement of nuisances, prevention of of crime, the _ 


| operation of levees, ees, and to those other forms dd wentiane that are are happening 
every day. When that time comes the public will accept it the same as they 
accepted zoning , building- heights r regulations, billboard ordinances, health regu- 


of ‘this 


the lations, confiscating contaminated food, laws confiscating gambling 
out any levices, laws permitting the restraining of floods, and other recognized phases : 
which ‘are accepted v without question ‘and without compensation 
ne more @ever to the people who are being called upon to submit to the exercise of the — 
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MMITTEE OF THE IRRIGATION DIVISION | 


THE 


Ponicy” ” (by letter). 1—On November 1, 1926, the Irrigation Division pees 
a committee composed of eleven ‘Western irrigation engineers” to consider 


and report upon “Ad National Reclamation Policy” . After much correspondence 


two meetings of the Committee were held, and a unanimous rep¢ report was finally 


in ated Francisco, Calif, in J uly, ‘Diego, ( _The of the Committee: 


fading its original report, and the discussions, and does ie find occasion to 
modify or ‘amend its judgment of July, 1928. 


of Western Governors ‘and held in ‘Salt Lake City, 
Utah, on August 27, 1929, relative to the control of public lands, minerals, and 


=e 


reclamation in the West. t. 7 The parts of this letter that bear baie 


 Nore.—Committee’s closure.. Discussions of this report have appeared in Proceedings, 
@ turing successive months, as follows: August, 1929, by Messrs. George W. Fuller, W. F. 
Russell, Nils A. Olsen, and L. C. Gray ; September, 1929, by Messrs. Frank Adams, Munson J. 
Dowd, C. EB. Grunsky, S. T. Harding, and H. H. Dare; ‘October, 1929, by Messrs. Charles R. 
Hedke, Charles Kirby Fox, Rhodes E. Rule, and George M. Bacon; November, 1929, by 
Messrs. David Weeks, R. K. Tiffany, and G. E. P. Smith; December, 1929, Messrs. John A. 
Widtsoe and F. H. Newell; February, 1930, by Messrs. A. D. Lewis and Joseph Jacobs; 
April, 1930, by Messrs. F. N. and E. B. Debler; and Septembe 
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his report in September, 1928, areaiterthe 

States, Canada, A , by engineers of the Unite: 

year’s ti nada, Australia, and India. The Committee d 

s time to a consideration of its report whi more than 
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ETC., ON A A NATIONAL RECLAMATION POLICY 
Tt may be stated at once that our States have long 
from their swaddling clothes and are to-day more competent to manage much 
of these affairs than is the Federal Government. Moreover, we must seek 
every opportunity to retard the } expansion of F csongae bureaucracy and to place | 
our communities in control of their own 


degree administrative in character, both as : they affect the Federal + certo 
and the Government of the States. Ell eee 
_ As to the Reclamation Service, , President Hoover continued: 


“Tt seems to me that the vital questions here are to re-orient the direction 


¢ the Reclamation S Service primarily t to the storage of water and to simplify 


present ‘Act is based fundamentally on the reclamation 
Government- owned lands. Possible areas available for have 


Fund for projects may ‘be leg rally criticized owing to the fact ‘that 
the land is no longer part of the public domain and circumlocution by voluntary 
agreements may not always be possible = 

“Moreover, the application of the fund under 
results in very large, Federal administrative activities within the States of | ae 
character which was never originally contemplated and which could be much > 

- better administered by the local State Governments themselves. _ In many ways > 


‘The position of President Wacede’t in connection with the policy of Federal 


Reclamation i is of particular interest because of the many respects i in — he 
= similar opinions to those of the Committee. 


~The Committee calls attention to Principle (6) of its” original report, § 


 -& (6) The output of power and of water at Foderal or | State works should be 

The the Committee wa: was s to e express its ; opposition to either the 

- _ State or Federal ‘Government e entering into the distribution of either water or 
- power to individual consumers s thereof. lts belief was that the actual contact | 
with ‘such ‘consumers should be siditei local organizations, such as districts, | 

mutual water companies, or private corporations. . The Committee | recognizes 

4 that, as s provided ir in the I Reclamation Act, » the e control and | distribution of the 

water are vested in the respective States. shots to 

wi by The Committee endorses as a fundamental policy the proposal that | the 

_ Federal Government should expend the money derived from the sale of public 

9 lands and the > natural resources derived therefrom, in the arid land States, in 

provement and development of those States by the conservation and 


utilization of their water supplies. The Federal and State Governments should 

i. co- operate in the construction particularly of storage reservoirs for irrigation, 

flood control, and other water supply projects. ‘The province of these reservoirs 


is to regulate ‘the | stream flow i in a manner as to make ‘them’ "of publi 
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January, 1981 ‘ETC., ON A NATION AMATION POLICY Icy 


the West is | of great public importance not only to the Western 
selves, but t to the — as a 


bi: 


J. C. Srevens, bay 


Gaunsky (Without ‘approval of the 
first. sentence se of the 
paragraph because appro- | 
priations should be 
specific aid and should n = 


deral r 


os + The original report of the Committee* is appended, as follows, for scenes 
Ad 


er the By r resolution the Committee limited its work toa ‘study of of govern- 


ater of ion the reclamation of arid lands and related matters. 


contact as The policy of the United States and of the several States in the matter of 
stricts, J water conservation and arid land reclamation should be controlled by certain i 


The waiving “interest payments to land owners on Government 
reclamation projects is unwise. In the future Government contributions 

hat the § should ap appear in the ‘assumption of a part of the cost of project works and 
f public not in the granting of relief to the individual farmer s such as the e waiving of = Mg 
ion and The United States Bureau of Reclamation has formulated a program of 
should construction, covering the ensuing ten years, involving expenditures es of 
rigation, | approximately $100 000 000 - To the extent that commitments have been ma: made — 
eser vols the Bureau should fulfill its assumed obligations and, , on the other hand, the 
of -publie land ‘owner should be to ‘meet his or or surrender holdin 
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LIPPINCOTT, ETO., ON A NATIONAL RECLAMATION ‘POLICY 


« 


(2) ‘The of the water in the sivers andl lakes of country 


should be under public control; and in order to lay a proper foundation for 
of plans" the F ederal and S State Governments 


feasibility of pr rojects. 


‘States, or jointly by the United | States and the ‘States under such suitable 
: forms of co- operation as may | be appropriate under the Constitutional authority _ 


now delegated to > each. They ‘should prepare and adopt comprehensive plans” 
for such regulation and should bear : an equitable Portion of the cost of water 2 


the best possible utilization a of the waters ould undertaken by 


"storage and fic flood- control work when the economic aspects after full ‘investi- 
gations are found to be favorable, and the remainder of the cost should be 
allocated to flood control, irrigation, power development, 


> Where protection against flood waters results” from the regulation “ 
‘stream flow by ‘means of reservoirs or otherwise, the proportion of the cost of 
the flood- -control w work not assumed by the Federal or State Government should 


be De assessed against ; the lands and other proper ties which recei re , benefit there- 


Municipalities’ or other er public agencies or private parties ‘should be 
= allowed to construct approved projects in conformity with the approved plans; 
f subject, howev ever, to the public control of reservoirs and to the recapture after 


a reasonable time by the public of any franchise or similar rights conferred 


ses (8) ‘The output: és power and of water at Federal or State works should 
be of at wholesale and not at retail. 


mite by the United States to ‘weshaaie the regulation of interstate shot 
(8) nv the carrying out of further stream- regulation work, preference 
be given to the construction of regulating the develop- 
ment of ‘supplemental water supplies for existing irrigation systems, whether 
(9) Agricultural ‘conditions awe to over. over- at present 
“ ~ that it is undesirable for the Federal Government » except in the case of com- 


3 ‘mitments already made, to bring new areas under cultivation. eee 


Bh (10) The construction of new irrigation projects should not be eutlicrine’ 
except after thorough investigation and favorable recommendation by a Board 


of Review. This Board should include compe construction engineers, 


"financiers familiar with local ‘The 
‘State ‘should share in selection and of 


on costs should be of land owne 
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with no payments on principal the early y years. 
(12) The plan of repay ment of construction costs of reclamation should 
> be put into operation on each unit of the project : at an early date after com- 7 
- pletion. ‘The plan of of payment should | be sufficiently elastic to meet the settlers’ a 
ability to pay, but no relinquishment i in the terms of repayment, once they are P 
put into effect, should b be permitted. 
Me (18) In the case of reclamation ; projects, it should be recognized that settle- 
ment of the land is fully as imperative to success as ais, it can be 
greatly stimulated by the Government or other authorities: taking drastic 
“measures to prevent land speculation. Ps The Department of the Interior is to 
be congratulated « on its efforts to curb land speculation in recently authorized a 
(14) Land settlement including paternalistic, financial, or any other kind ~ 
_ of assistance ‘ to the individual al farmer should be treated as a local matter and — 


on should therefore be made the concern of the State or or locality rather than of | 
the United States. Aid extended by Federal Land Banks has been generally 
b 


, helpful and the possibility of further extension of ‘such aid by this or similar 
agencies is worthy of serious consideration. 


1ere- (15) The Federal Government should continue its present policy of relin- 
-quishing control of completed w works to ‘suitably organized local agencies as 7 


lans; mes (16) According to the report of the U. S. Bureau o: of Reclamation for 19 1926, 

after the total area of land provided with water for irrigation was 1 803 000 acres in _ 

erred ‘reclamation | projects, of which, 1 320 000 acres were being 
tion—a record of which the may well be ‘proud. 
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“AMERICAN SOCIETY OF CIVIL ENGINEERS 


RELATION /BETWEEN 


WATERWAY TRANSPORTATION: 


pal By Cc. W. Kurz, M. E. 


Ow. Kurz, M. Am. Soo. ‘(by letter). the writer pre- 


"pared a paper on the “Relation of the Ohio River and Its Tributaries to ‘Trans- 
portation in the United States: that time, the 9-ft. project was incom-— 


plete, and the tonnage moving on the Ohio River itself, exclusive of tributaries, 
was 15 725 849. To determine the water-haulage cost of moving this’ tonnage 
and its relation to published rail rates on like commodities that have the same 


Points of origin and. destination, a comprehensive an analysis made of the 


ineteen separate Movements were studied for each is shown the rail 
-yate and the -_water- haulage cost. as ‘secured from the principal users of the 
river. Some of these users were common carriers and some contract carriers, 
but the large majority was private carriers. yo In the first’ two » classes the water- 
haulage cost included an item of profit to th the owner. In = In the third class the 
water- haulage c cost included a . 6% return on the investment in Joating plant 
and on the privately owned terminal facilities, a return which is comparable 
tot that which the railroads of the United States are permitted, under the 
Transportation. Act, to earn on their investments, 3¢ 
a As most water movements involve higher terminal charges than correspond- 
ing rail movements, the difference between the rail rates and the water- haulage 
costs was reduced by the estimated terminal ‘differential. This method of 


determining economic justification is superior to a comparison of. cost per 


ton- mile, as it eliminates differences due to the generally greater length of 
the ‘water route, , and also avoids 1 the faulty comparison of a _ long- haul rail 


in March, 1930, Proceedings. Discussion of this Sym- 

Posium has appeared in Proceedings, as follows: April, 1930, by Lewis C. Sorrell, Esq. ; 

May, 1930, by Messrs. R. B. Kittredge, Harry A. Palmer, and J. Parker Snow; August, 1930, 

y Messrs. Baxter L. Brown and Theodore Brent; September, 1930, by Samuel oO. Dunn, 
8q.; and December, 1930, by Henry W. Hobbs, M. Am. Soc. C. E. ees oe. a 

‘1 Brig.-Gen., U. S. A. (Retired), Washington, D. 
Received by the Secretary, November 3,1930. 
Transactions, Am. Soe. c. E., Vol. 89 (1926), p. 1105. 
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D WATERWAY TRANSPORT ATION Papers 


AIL A 


KUTZ 
© 


with ort: “1985, the average length of haul on 
pile eonty in mean S of 200 miles, whereas that on the Ohio River was less 


It may be noted that this table (Table 23+) ¢ dealt bly with the Ohio River, 


‘a excluding all its ‘tributaries, , some of which, ‘such as the Monongahela River, 


are enormously profitable, while > others are. economic failures. ‘When the move- 


7. ment involved the use of a tributary, as well as the Ohio River, the difference 
_ between the ra rail rate , and the water-haulage cost was prorated b between the 7 
two streams on the basis of the mileage of each involved in the movement. 
The ‘table showed that the differences between ‘rail rates and 
- costs, when applied to the 1925 tonnage, resulted in a saving to the shippers | 
for hen vem of $5 328 594, which was about 87% of the annual. charges for 


The pre project was completed in ata cost of about ‘$115 000 000. 


ox 
WEEN 


a 


849 195 846 bb gr $5 328 894 
£ 


1-101 629 085 "6 911 600 
128 518 1 214 490 565 098 600 
1929 21 955 000 1 51 584 000 174 


aa ernie: Estimated, increase being proportioned to the increase tonnage. 


‘Table 9 9 shows how the commerce and the savings, similar analyses, 
a have increased since 1925. From this table and from the estimated annual 
_ charges, it appears that the the canalized Ohio River, although just completed, is 
7 == yielding savings to shippers i in excess of the annual charges. As its. 


capacity is ; many times grea greater. than the - present tonnage, the. economic justif 
of the investment seems to be assured. | 


“Transactions, Am. Soc. C. E., Vol. 89 (1926), Pp. 


— 
— 
iw 
ea oe * om If interest at 4% and a depreciation or obsolescence factor based on an as- 3 
sumed life of 50 years (sinking-fund basis, 4%), is added, the annual charges 
of the completed project_will be equal to $7703 000 - 
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‘AMERICAN SOCIETY O F (CIVIL ENGINEERS 


SHANNON POWER DEVELOPMENT 
IN THE IRISH FREE STATE 


. J. BE aN. ~. MAR L 


.d. A ‘Aw. 800. ©. “(by letter). —This paper presents in 
excellent form an interesting description of a brave project. From a | power 


| - point of view Ireland is in an undeveloped condition ‘similar to that of the 
_ United States about 1900. a bee a total installation of 27 000 kw., with an 
urban ‘population of 1000000, or 0.027 kw. . per inhabitant. . The « annual eon- 


sumption of f 40 000 000 kw- 1920 when the Shannon ‘Development was 
being proposed was 40 kw-hr. per inhabitant, as compared with 71 kw-hr. for 


all Europe and 472 kw-hr. for the the ‘United | States. — Economically, the Shannon > 


Project should do much for the prosperity of Ireland. cy 
ae This was ‘referred to as a brave p project primarily oe of the large 
| amount of power contemplated— 500 000 000 kw-hr- —from 87 i in. of rainfall on on 


ered 


4000 sq. miles of drainage area, through a 100- ft. fall. At 80% . efficiency from 
water to bus-b -bar 530 cu. ft. of water are required per kilowatt-hour. ir. The 


‘contemplated from the first « development is 150 000 000 kw-hr., which 


corresponds to an average annual flow of 2520 cu. per sec., or a run-off- 
rainfall ratio of 23 per cent. _ This is reasonably to be expected. 


‘The ultimate development, 500 000 000 kw- hr., similarly requires an average 
flow of 8 520 sec- -ft., or run-off-rainfall ratio of 77 per cent. a 
ae -off ratio is so 0 large that a further elaboration of this phase of the project 7 


Jun. Am. Soo. C. E. (by letter) .* 2a__The descrip- 4 
tion of the development and its basis was curtailed by the Ww rriter to a minimum, ind 


so as to provide : more space for the explanation o of a novel method of a J 


earthwork, which formed principal object of the paper. Mr. Bevan’s 
“questions demand an elaboration which would seem to be beyond its original ; = 


4 


purpose. Perhaps the following figures may ‘serve as a q 


- Norg.—The paper by A. R. C. Markl, 

1Cons. Engr., New York, N. Y. 

Received by the Secretary, April 25, 1930. 


2Civ. Engr., Arthur G. McKee & Co., Cleveland, Ohio. he a3 


Received by the Secretary, November 25, 1930. 
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MARKL ON ‘THE SHANNON POWER ‘DEVELOPMENT A 


2 | 
In the 4 011- mile which the Shannon River draws its water, 
an average annual ‘rainfall of 37.25 in. obtains, corresponding to a total of 
847 436 000 000 cu. ft. per year. ‘Due to a signal lack of forests and the 
-rockiness of the ground, 75 to 18% of this amount, that is, 270 156 000 000 cu. ; 
ft. per year, or 8 475 see-ft, flow off. ‘With a head d varying between $ 93. 5 and 7 
110.7 ft., , dependent on the tides, which travel. up the tail- -race, and an estimated — : 
trate of 584. 8 cu. ‘ft. per k kw- -hr., this produces 462 000 000 kw- hr. at the bus- bars. 
 & The maximum flow « occurs during the winter, while in the ‘months | from 
kw to September rarely much more than 3 000 cu. . ft. per sec. are carried by 
the river. _ This distribution, of course, is. fortunate inasmuch ¢ as it produces — 
coincidence of supply” and demand. An effective storage capacity 
_ 235 000 000 cu. ft, Ww hich serves to achieve a complete balance of the » water 
household, i is obtained by providing. for water-level variations of between 4.40 
and 12.0 ft. at the three principal lakes through which the Shannon River flows. 


These lakes, ‘Loughs Allen, Ree, and Derg, cover a total area of 101 sq. miles. 
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AMERICAN SOCIETY 69 


ART, AND A. OLIVER 


“Assoc. M. Am. Soc. C. (by letter). 


y Messrs. J JENs EGEDE NIELSEN, F 


rigid frames i is proof enough that. this q question a practical 
"The method, as outlined by Professor Cross, is so easily memorized and so 
quickly applied that all approximate methods and guesswork profitably can 
eliminated without the sacrifice of speed, which often is as essential as economy. — 
a ~ When balancing tl the moments at a point such as C, Fi Fig. 1, in a ‘system in 
which the signs are quite arbitrarily considered positive when causing sags” 
downward i in horizontal members and toward the right side of vertical mem- 

_ bers, it i is not entirely evident v which i is the right and which the left side of the 
joint o or, rather, which ‘moments should be added and which should be 
tracted i in order to determine the unbalanced moment. f If, however, it is borne D 

. mind that moments in members which sag clockwise should balance moments : 
in members which sag counter-clockwise, it is easy to visualize which moments | 
should be added and which subtracted. - Thus, in Fig. 2 24, — 200, — 50, — 100, 
which members sag counter- clockwise, ‘should be : subtracted — 400, w which 
hi sags clockwise, giving an n unbalanced moment of — 400 — (— 200 — 50 — 100 


nik ) 
=— 650 to distribute a1 among the four members. sik fare 


The determination of the fixed-end moments for different loadings can be . 


can 
greatly facilitated by the use of influence lines, such as those given in text- 


books, one for concentrated loads and an. integrated cu ‘curve for uniformly dis- 
an The limitations of the method should be realized at ‘once. Systems i 
which shears are dominant (wind- bracing bents in tall buildings) and “ie 
in 1 which the longitudinal stresses are dominant (arches, ete.) and, particularly, 


_ Norr.— —The paper by Hardy Cross, M. Am. Soc. Cc. E., was published in May, 1930, 
Proceedings. Discussion of the paper has appeared in Proceedings, as follows: September, | 
1930, by Messrs. C. P. Vetter, L. E. Grinter, S. S. Gorman, and E. E. Eremin; October, 
1930, by Messrs. A. H. Finlay, R. F. Lyman, Jr. R. A. "Caughey, Orrin H. Pilkey, and 


I. Oesterblom ; and November, 1930, by Messrs. Edward _J. Bednarski, S. N. Mitra, Robert 
A. Black, and H. EB. Wessman. ee 


om ‘= ANALYSIS OF CON TINUOUS F RAMES | 
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RIOHART 0 ON OF CONTINUOUS 


in which moving loads are encountered, the t tim avin; “seems 
problematic, and other methods should be considered. 


--* 


4 


p paper is most valuable and should to ‘struc 


hes. 4 of the most important developments in this field in many years. The main ain 

advantage of the method is its simplicity, through which the designer can 
familiarity, with a class of structures generally. associated with long” 


mt makes it pelea for a structure to be analyzed under many ns 
load conditions in the time previously taken for a single solution. In spite of | 


i advantages, however, it will probably take designers in general a number 
of years: to appreciate the method and to give . it the widespread recognition 


Because of a disinclination to ‘confuse the reader’s conception of the 
-moment-distribution method, the writer hesitates to describe a variation which 
is nearly as s simple i in many cases and which leads directly to an exact solu-_ 


“tion. . The s scheme is based on an analysis by the slope-deflection method of © 


various typical arrangements of flexural for which | equations of 


2 Research Associate Prof , Theoretical and Applied Univ. of Illinois, 


— 
i 
and 
(18) 
coeff 
The 
fram 
| denot 
by 
om 
Wilsor 
— = 


wag In Fig. 25, the member, AB, meets the members, BO and BD, in a a rigid 


joint at B. When a a couple, M, AB; i ere is no trans- 
lation of the points, A, B, CG, and D), the end is: partly restrained. 


_ the three members, and by the restraints at the points, C and D. In n general, | a 7 a 


the moment, M4 is given by the equation, 


it which, Ny, is a constant, having | a value between 3 and 4; EB is the modulus 


of. of elasticity of the material; K, is — for the member and 64 is the 
slope of the elastic curve at A, to the action of the « couple. 


if a fixed N,=4; 3 


coefficients of K,, , which are always 3 and 4, ave 
Another between the moments at A and Bi is as follows: 


The ‘moment, , Mpa, is equal and “opposite to the sum of Mgc and Mgp, and 


the latter moments are ‘pro portional to the respective values of 


"The application of] Equations (17), (18), and (19), toa continuous beam or 
frame ord be started as in Professor Cross’ procedure, For 


j 
| 
e slopes at an are equal and opposite, V, = 2 
Ghar the slopes are equal and alike, VN, —6. It will be noted that Equation — 
can 
long — 
— 
ation, — 
ferent — 
— 
3+} — = 
nition 
; solu- determined at each joint. In Fig. 26, the values of K for the four sp 
pod of ff denoted by Ky, Ko, Kg, and Ky, and the unbalanced moments at B, C, and aa ._ 
by Up, Ue, Up. An exact method of distributing 
Moments throughout the beam has been published® 
| 


RICHART ON A ALYSIS oF CONTI S FRAMES Papers 


Consider unbalance d moment, Up, at B. This is distributed between 


Mcp = ,K, + 3 K, 


7 


Ve 4 

mm under Uniform 


Unbalanced Moments 


Couple, Up = — 152, at B lo +22.0 


Up = — 106, at D jo ito: ; pus 


unba 
acting upon member at a joint; negative sign a counter f mba 


Bimilesly, at the unbalanced moment, is distributed, as follows: 4 


Resultant Moment |g 100.4]—100.4 


K 


3 K,+3 kK 


Mpc = 


= 
— 
— ide 
— 
— | 
ih 
Ori 
— 
| 
but 
— 7 U 
Lb 
= 
BY 
Bic 
= 
is: 
— and 
— 
mome: 
the w; 
W) 
simple 


it D. the unbalanced mom 


ment, Up, as follows 


(28 
ey 


first of the two with N indicates the span nearest the 
f th t b g distributed, 

orig in of the moment being distribute full fo 


alanced moment, a 
is among the bp at the joint in | proportion 


their respective values of NK. This distribution is final. - The value of the 
term, N, lies between 3 and 4 for the examples given, and the - terms of an 


fraction have a typical form that is | easily remembered. — _ The moment at the — 
1 


: adjacent joint is less than one-half the moment at the joint , where the u 


he unbal- 
anced 1 moment is applied. These three types" of equations | are similar to the 


“oper rations in Professor Cross’ distribution and ‘ ‘carry- over” of moments, but 


equations | are applied “only. once to determine an exact final 
of moments. However, it is necessar y to distribute each unbalanced moment 


in turn, so that the final moments are the algebraic : sum of the o ce gal “fixed- + 


unbalanced moments at B, C, and D, are re found to be —152, -H192, and —106 
units, and values of K are assumed at 2, 1, 3, and 1, respectively, for the four : 
spans. ‘3 The unbalanced moments are ‘applied as couples producing a 

the direction indicated by the w nbalance. 


a 
three- halves “as great as for the case in in ‘which “both. ends are fixed. The 


_ The values of the constants, N, are found to be N, 


Ny = 3. 2; and = 32. Using the convention as to signs followed 


ed i 
“Bulletin 108 previously referred to (a clockwise moment or attacking couple 


for the successive application of the moments at 
three points. — The algebraic s sum gives the end moments in each : span resulting _ 


from the original loading. a a simple matter to sketch in positive 
moments and to calculate shears and reactions by the methods of statics. Rel as. rs 7 
While familiarity with a method is likely | to prejudice o one in favor of it, . 
writer is method of of Professor Cross is 


| 
=a 
| 
1 
| 
— 
— 
As a numerical example, consider the four-span beam of Fig. 26 unde 
a uniform load. With the ends, A and E, hinged, it is convenient to ap ce 
mom D vet end 
ae oments at B and D on the first and fourth spans, which apply to the cise SS a a 
— 
— 
— 
— 
— 


“te No by ‘the writer idea of the 
unbalanced moments, but the method of distributing such a moment  through- a 


outa frame ‘given a dozen years ago (1918) i in Bulletin writer’ 
method is quite similar to that* of H. M. Hadley, Assoc. M. ‘Sai Soe. C. E., 
except that the procedure given herein for distributing the “moment of the 


‘unbalanced ‘couples i is simpler and more easily followed. The equations | given 
herein will apply to : any type e of beam or open frame, with various degrees of 
restraint at the ends of members, a as well as for closed frames ‘under conditions 


A Aseoo, Am. Bee. ©. (by letter).* 5a_ '—The writer 


‘eeu tendency to think that best which is one’s own. "This is. as true of 
c knowledge as of some more concrete possession. — The structural analyst 


becomes familiar dcouiiile use with one of the several methods of determining 


then moments in a statically indeterminate | structure—slope and deflection, area 
- moments, or what not. . Being ¢ familiar with ‘that method he concludes from 


study that new one is complicated and unwieldy. In this he 


- The writer does not intend to intimate that he wishes to detract from the : 


value of the older methods. He received his first understanding of statically : 

indeterminate structures a thorough course in slope and deflection. 


i ever, being somewhat familiar with both methods, he realizes the ae 


saving of time that results with the use of Professor Cross’ method. The short 
required for the solution of a 


and successive approximations, as compared with the time needed to solve roe 
same beam by the equation of ‘three moments, is surprising, and the first 
ich may be 


attacked by the method seem (that i 


beams continuous over supports with the moment of inertia varying within the 


gpan), continuous arches on elastic piers, and many others. 
=) 
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AMERICAN. SOCIETY OF CIVIL ENGINEERS. 


Messrs. E. C. EATON, AND A. W. SIMONDS 


E. C. Eaton,? M. A. Soc. C. E. (by letter). writer has read with 
interest and benefit the excellent ‘paper: by Mr. ‘Sutherland. subject 


Los 


‘Angeles County, California, where lack of water is the ‘only’ limitation to 


expansion and prosperity, and w here regulation a at conservation by deme. of 7 


various types are absolute | necessities. 


i California is known generally in the East as an arid or at = a semi- 


rid State, while the truth is that the State enjoys within itself many un- |, ™ 


“paralleled possibilities water conservation, | the development of which has 


Los Angeles County as an example; ‘it consists of a broad 
i valley area with a background of high mountains r roughly equal to the valley 


area, from which | ages of erosion have built deltas to known depths | of more 
than 1000 ft. These tremendous cones of gravel, sand, cobbles, and 
boulders, forming the underlying strata of practically the entire valley areas, 


many violent stream flows from more than 


one hundred and fifty separate te water-sheds in the County, each with 
individual ‘stream channel debouching on ‘the plains of ‘these water- 


‘sheds are ‘small, than 10% of being individually less than 3 


niles i in area, while the largest i is only 222 ‘sq. miles i in total area. Ki The annual 


“fluctuation of stream flows is great, ranging from 8 to 358% of normal i in the - 
thirty-five years: for which authentic records are available. 
devs The low average annual rainfall ‘(about 21.1 in.) has been insufficient to . 
| wash off completely the heavy cover of. disintegrated loose material which, were 
the rainfall greater, would have already been washed down, lowering the moun- 
tain areas and correspondingly building up the valley areas, This loose mate- 
rial of disintegrated granite is held together solely by the root growth of the a 
mountain vegetation, consisting of "grasses, chaparral, some timber. 


__ Norm.—The paper by R. C. Sutherland, Assoc. M. Am. Soc. C. E., was published in 
September, 1930, Proceedings. This discussion is printed in Proceedings in order that te 
views expressed may be brought before all members for further discussion. it Whi 

in Chf. Engr., Los Angeles County Flood Control Dist Los Angeles, Calif. — 
_ 1¢ Received by the Secretary, November 7, 1980. tie 
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“this period the fire is imminent, 1 requiring most of 
‘Policing: and fire patrols by Federal and County agencies. 
Fires leave the mountain areas without the binders and e even 


moderate storms following such fires. cause a to the 


The tremendous area and great depth of the gravel cones are in reality. 


of the greatest benefit to ‘this Southern County. - These gravel ¢ areas, sloping 


from the base of the foothills to the ocean, are cut by dikes of clay and — 
impervious materials which by damming the underflow to the ocean form a rithm 


series of underground reservoirs, fed partly by the: water issuing from the “sectio 
mountains and partly by the direct valley ‘rainfall. These underground reser- 
_-voirs are responsible : for the entire early development of the County and supply il 
two- -thirds of the water used in the County to- -day. . By the -construetion of 


‘impermeable covering of the valley, modern development of buildings 
and roads has not only deprived the underground 1 reservoirs of the natural — 


replenishment, but has increased the rate | of moe 


~The keynote to the flood protection and conservation of waters in this 

County lies in a series of regulating reservoirs in the ‘mountains ‘ean: out. 

- the peak flows to a rate of flow which will not be of a destructive nature, but — 


will be of such a ‘rate that the gravels may absorb the stream flow and cause 
it it to pass into the ‘underground basins. 
‘Twelve of these structures have been built 1 to date (1930) and twice ‘this 


number will ‘ultimately be ‘required 1 ranging from. almost « every known type” 
of arch dam, including the highest ; dam in the world (the Pacoima Dam) to 
earth, ‘rock- fill, gravel- fill, and gravity concrete dams. 


‘The: eosts of the remaining dam sites in Los Angeles | County ‘mountain 
territory ¢ are relatively | high and of small capacity when compared to storage 


a sites in many other localities, the cheapest mountain dam built by the Flood 
~ Control District costing ab about $60 per acre- ft a few being | as much : as $500 


and ‘more, with an average of more than $100. Many ‘ ‘off stream’ ” storages 


are available, however, ranging from $20 to $50 per acre-ft. of storage space, 
some which have and of which are still to be 


While these costs ‘may appear high the reservoirs are not, in actual /prac: 


tice, used for direct storage. ‘They are ‘merely ‘used for regulation or “ironing 


out” of peak flows down to a rate such that they can be absorbed by spreading 
- bore below. T These ‘spreading grounds are built over pervious areas over- 


1g the underground reservoirs which the capacity for water is. enormous 


as § 
for the fullest of the reservoirs, the Los 
Angeles ‘County Flood Control District has investigated scores of 


reservoir sites, and has ‘felt ‘the need of some -short- -cut method Which lit 
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of comparing the capacities an 
sites. The methods proposed by Mr. Sutherland, have studied 


with great interest and tested to a limited ‘extent as : to their application to 


Mr. Sutherland sets forth a method by which it is possible to 
~ quiekly the m merits of various locations and types. of dams as regards cost per 
= of storage capacity alone. — This applies equally well to all uses, whether 


conservation, regulation for flood control, or power, or any other use for which ‘ 7 


ater is stored. The amount by which results attained by this approxi 


“mate method differs from those by the ‘more exact and slower m methods depends — 
Bers the variation from a straight line of the capacity ¢ curve platted on loga- by 


_ rithmie paper and upon th the judgment used in establishing | a dam - site cross- 


3 


’ ‘ section which is equivalent to the true cross- section. The ‘method appears to 
a be quite satisfactory | in the case of large reservoirs. a a 


In the case of Yelatively small ‘Teservoirs, requiring high dams, such as" 


those built. by the Los” Angeles” ‘County Flood Control District, the errors 
introduced by the approximations are likely to be relatively large. Mr. Suther- 
land cites three uses for the alignment chart, Fig. 4. _ Puddingstone Reservoir, - 


which is the onl ly County Flood Control constructed to date that 
- falls within the limits of the chart, was studied from the standpoint of Use 


ut § No.1. - Adopting the value of m determined by : a depth of water of 132 ft. at 
the “deepest point, the capacities corresponding to various depths as shown 
Se by the alignment chart and by the — capacity curve are as given in 
TABLE | 8.—Conpanison or Reservoir Capacities 
Maximum depth From alignment chart, From | capacity curve, Variation 
of water, in feet Fig.4,in acre-feet | imacrefeet percentage 
ages 


i tis _ The variation results from the fact that for any any of the reservoirs of the _ 
ut District, the value of m varies when ears sree of water are used i in n its 

d considerations determine the justified expenditure for a dam. 
ding benefits to be derived from, and the cost of, the project : as a whole are the 
determining factors. cost of channels below flood-control dams depends 
. gon the degree of control effected by the reservoir. | The justified total cost for 


nail the | system depends on the amount of damage prevented through ‘its opera- 
ie tions. It is estimated that without protection, $50 000 000 of direct and indi- 
ai Bp tect damage would result from a flood on _ the San Gabriel River equal to 

e 108 that which occurred in 1914. It is “obvious, that a reservoir on this river 


mn and would be i in ‘Teality of greater value t than a reservoir on some other stream on 
nathod which little or no damage, would result, but which was s classified as excellent. 


F WATER CONSERVATION 147 — 
| 
| 
— 
al 
fe 
— 
4 
7 


EATON ON SOME ASPECTS OF WATER 


"From the conservation ‘standpoint the cost per unit of water to the 
‘consumer is the determining factor. for conservation may 
be beneficial in 1 two ways: at at i haw teow’ altiar 


1—By causing the retention for use of water which would other-| 


way 


 %—By effecting a decrease in cost of delivery to consumers through 
> ai if ‘ei holding the w water at more favorable locations until such time as it is } to 


The expense justified in carrying out the first of these items depends upon 
the use to which the water is to be put and the value | of which is 


possible to raise under the ex In general, 


it ; might be stated that the least cost at which water can | in sufi- 


cient quantity to the entire area under consideration is the factor which fixes 
the cost justified i in any case. Thus, in ‘the case of domestic supply, a reservoir 


costing much more per acre- foot stored might | be more necessary and, there-_ 
4 


3! ; fore, ‘more valuable than a cheaper reservoir supplying some area where reser- 
sites” are plentiful and water easy to obtain. 


_ In the area covered by the Los Angeles County Flood Control District, the 
a storage capacity available i is limited, not only by the general steepness of the 
_ topography, but by the fact that foundation conditions preclude the use of 
dam sites. This limited storage must be used for t two purposes, flood 
control and conservation. — In many cases the total storage space available is 
insufficient to control the stream completely. . The storage | required for eco- 


" nomieal control is of greater “importance than the cost of this storage per 


; a The | foregoing shows that reservoir sites can not be classified as excellent, 


good, average, or bad, depending upon ‘their cost per acre-foot | of capacity. 

hy However, where other conditions are equal, two or more dam sites can be 

PB compared and one can be shown to be better in this. respect than the others. 

“a Me - Sutherland states that these other factors must be considered, but their 

_ importance far outweighs that of cost of storage per acre-foot, in the case of 
flood- control dams | in an area of high productivity, such as this one. — 

Nevertheless, a comparison capacities and costs of possible sites, be- 

tween, two « or more dam sites has often been found necessary here, even though 


=, 


| 


th general, to make such a comparison, it is desirable to answer either or 

both of two questions, other things being equal : 
Of two or more dam sites the reservoirs of which overlap onl which 
serve about the same water-shed, which will be most economical? 
Be a two or more small reservoirs compare with one larger reser- 
ss woir for the same water-shed, what combination will be the most 


he following short- cut ‘method has been. developed by the Angeles. 
 dobas’ Flood Control District, largely through the efforts of C. B. Gibbons, 
_ Designing Engineer, and has proved very satisfactory for preliminary studies, 
serving to eliminate from further field investigation all the less padre 
sites. The may be in fifteen successive steps | as ‘follows: 
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topographic map is prepared. _ Aerial surveys give 2 results close 
en "enough for such investigation, and have been used extensively. 


—The topographic map is divided into zones stream bed. by 
vertical 1 planes (sometimes broken g along every, important 


4, 


Fig. 19.—EXAMPLE OF MAP FOR ‘Use IN AND 


nis or Dam 8 


: 3.—For a distance of 300 to 400 ft vertically above the stream bed, each 
contour, by zones, is ‘measured by a planimeter. 


ihe. _ 4.—Beginning at the point at which each contour crosses the stream bed, 
the 1e partial « areas within this contour are cumulatively + totaled for each zone, 


0 that at each bottleneck or narrows, the relation between of water 


thers. 5. —Beginning at the stream bed each bottle- neck or narrows, the cumu- 


lative areas are cumulatively totaled, and d these t totals, multiplied the 
odes 


city. 


6.—To serve as abscissas Fig. 20 is in Step. die 


pone along the stream bed are roughly ‘measured, ‘and both bottle- -necks and 7 


—Using stream- bed distances" as. and acre- feet of reservoir 
capacity as ordinates, el are drawn (to 300 or 400 ft. above stream | bed) 
for each contour measured. (See 2 solid lines in Fig. 20.) 0h: a wr 
= | 8.—From the reservoir capacity curves | thus drawn and den points at which 
each contour | crosses the stream bed, other graphs are drawn for each height a 
of dam (in ev even ven multiples of the contour agai (See broken- line curves 


Angeles 9—Graphs such as Fig. 20. portray rang go being 
i 

}ibbons, investigated, the relation between 1 reservoir capacity and height of dam. This ve 

studies, graph has been called a capacity profile. By inspection, certain 

t zeus bottle-necks may be selected, which are favorable because the atta is is large 5 

| wa: as. with the cross-section. 
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EATON 01 ON ‘SOME ASPECTS OF WATER CONSERVATION 
—10.—At such selected points, a cross- of the canyon i is drawn, and 


“for. different heights of dam, a trapezoid i is constructed, which roughly averages” : 


the > CTOss-s -section. tion. Increasing weight must t be given to the lo lower portions 
where the dam is ie A reaso 


= amount of stripping or excavation 


nable stripping or excavatior 
11. 


—Prior to field inspection 


in and tet study, it may be assumed that 


these sites are equally feasible. Some type of structures, such as. a rock- fill 
or conerete dam, is then estimated at site to elevations, 


12.—By_ the use 0 of Fig. 21 ‘the quantities for various heights of dam 


each feasible site are computed. The successive steps are: ca "ae 


(a) Draw a cross-section of the canyon on the axis of the 


((b) Construct an equivalent straight-line profile of the dam, 
small deviations near the top. 


Find the yardage at the top of the 


For example, let L, = = 2000 ft.; L, = 1400 ft.; height = 950 ft; and the 


batters 4 on 1 1 and on on 1 (total Following the dotted lines, for this 


example i tn Fig. 21, a volume of 13 400 000 cu. yd. is indicated. wee. a 
“3 18. —By ‘assigning a reasonable unit cost, the cost per acre-foot (at inter | 


vals: of height equal to the contour le may be determined. 


ot excavation is 
as 50 ft. 


ody 
4 —From the data assuming that the ‘total capacity 
sp. has been determined, a schedule can be prepared which makes possible a study 
is of, the v: various ; combinations of high dams ; and low dams at all feasible sites, 
with a a view to obtaining the requisite capacity total — 


Capacity in 
Acre-Feet | | 


0 23496739 011121314 15 1617 181920 2 4 5 6 7 8 9 
Fie. 22.—CoMPARISON OF COSTS PER ACRE-FOOT AT VARIOUS HEIGHTS. 


a _Fiela inspection and geological study of the obviously desirable sites 


ombinations may reveal a wide discre anc due ‘te either: © rie 


(a) The of an arch 
b) A considerable difference in the requisite excavation or eile 
existence of faults which exclude | except a more 
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; hv ie the latter case a revision of the stemerative cost figures at the different: 


sites may be made, retaining only the data which correlate capacity 


atts foregoing method has been ‘described as an an alternative 1 means of arriv- 
“fa at the same objective as that sought by Mr. _ Sutherland’s ‘methods, and is 

1 


felt to be more applicable perhaps to the in Los 
Sutherland’s paper has been the ‘object of much interest in Los os Angeles” 
“County and will undoubtedly ‘prove great value, particularly” where the 3 


7 method i is applied - to reservoirs of considerable size and uniform cross- -section. ; 


Ww. Srmonps? a Assoc. M. Am. Soc. C . E, (by letter). °—This paper 


‘ie ‘covers a great many points of interest in the problem of water conserva- M. 7 4 
tion, indicating that the author has spent much. time in the study of this 
“subject. Water conservation is a 1 geologic as well an engineering problem. 
Too much emphasis” can not be placed on this phase, particularly where A 
a failure would involve e the loss” of considerable life and property. ‘Ther 


engineer v who disregards the geologic factors may invite disaster to his work. — 


-. § Some glaring examples of this ¢ are the failures of the Colorado River Dam at 
this 
Austin, Tex., the St. Francis Dam in California. Colorado” River 
Dam was built across a badly shattered fault | zone which w as inedequately =— 


; excavated and not grouted. ra The result was that a a ‘section of the dam over the 
fault z zone > slid out. Some ‘years later ‘the dam was repaired, but as a storage 


reservoir the project was a failure, owing to the rapid loss of capacity due to. 


silt deposition. - ‘if the services of a competent geologist or an engineer with 

a knowledge of geology had been engaged | before the dam 1 was built, these 


results might have been foreseen. 


Successful projects in locality might be failures ‘elsewhere, due 


different geologic conditions. Such dams : as ‘the Cheesman and Barker Dams 


in Colorado and the Gibson’ Dam in Montana are successful as a means of 

“conserving \ water 1 in their respective localities. . They a are situated high in the 

Rocky M Mountains 18 where their reservoirs ar are > fed wit ith | clear water for ' the greater 


portion 1 of the year. . If these dams were ‘e placed a across some heavy silt- bearing _ 
streams, such as the , nl s or Colorado Rivers of Texas, or the Rio Puerco of 


| New Mexico, their reservoirs s would lose « capacity ra rapidly due due to silt and ilt and would 


become ne useless as agents of water conservation. 


The dam site should be thoroughly explored by diamond drilling, particu-— 
larly if the structure is to be of masonry or -conerete, Even then an engineer’s 7 
eyes cannot see very far into rock. In the case of the Gibson Dam, i in ‘Montana, aoe 
sub-surface exploration was made by drilling. In excavating for th the , structure, \ 


it was found unnecessary to cut as deep at the crown section as was originally _ 
intended, but at a point about half way between the crown section and the 


le sites 


north abutment, i it was necessary to cut deeper ‘Gem the original line of — wi 

SIV 2 Assoc. Engr., U. S. Bureau of Reclamation, Denver, Colo. 


2@ Received by the Secretary, December 15, 1930. Pro ray 
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dam site is one of the first requirements. _ A carefully made topographical 


map will be found much more reliable for computing volumes in dams than 


the use . of curves. - This i is particularly true in the case of the Deadwood Dam 


in Idaho. , the location 1 of this dam were to be shifted : a a short distance either 
be 


up stream or down stream its volume would be materially changed. — 2 San 
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VIL ENGINEERS 


“PAPERS AND DISC IONS 


STRESSES IN GRAVITY DAMS 


BY PRINCIPLE OF LEAST WORK 


Cs A. P. P. TURNER, DONALD P. BARNES, 


©. A. P. Turwer,? M. Am. Soo. C. E. (by letter 


to analyze the stresses in gravity dams seems predicated upon fundamental | 


- misconceptions c of the ordinary theory of flexure. For example, he refers to 
the » ordinary theory of flexure as “classical”. _ The customary lack of precision 
in stating the assumptions on which this theory is based combined with a a 
total disregard of elementary principles by textbook w1 wie in its elucidation, 
seems 1 to predicate | an antiquity of thousands of years, although i its origin in : 
fact dates back less than two and one-half centuries. 
‘is earliest effort to investigate the resistance of beams is found “i 


Galileo’s “Discoursi Dimostrazioni Mathematiche” ‘published i in 1638. 

‘neously Galileo assumed stresses of one kind only, w with an axis of rotation a at 

bottom of the cantilever beam considered. In 1686, Mariotte 


re esults of tests showing that Galileo’s theory was not in accord with experi- 4 


“me ent. He noted that while part of the fibers. are stretched, others are = 
pressed, and assumed without proof peut concevoir”) that one-half 


fibers are stretched and one- -half are compressed. : Discussing the te 
Mariotte, Leibnitz concluded d that the of the fibers was in 


The further development } of this ‘theory embodyi ing the hypothesis that the _ 
extension of the fi fibers i is in proportion to the > bending moment and to their dis- % 


tance from the center of ; gr gravity of the section as well is the Bernoulli- Eulerian 


1.—As many fibers are stretched as compressed. 
—The neutral plane is the gravity axis of the section. 
yi 3.—A plane section normal to the gravity axis before bending remains __ 
_  Notrse.—The paper by B. F. Jakobsen, M. Am. Soc. ©. E., was published in September, =, 
1930, Proceedings. Discussion of the paper has appeared in ‘Proceedings, as follows: Sep- aad : 
tember, 1930, William Cain, M. Am. Soc. C. E.; November, 1930, by Messrs. William Gore, — 


L. J. Mensch, Johannes Skytte, and Lars R. Jorgensen. 


by the (29, 1930. 
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TURNER ON | STRESSES IN GRAVITY DAMS 


—A plane section normal to the gravity axis bending remains paral 


—The material of the beam obeys: Hooke’ s s law that evans is tees | 


Internal horizontal stress is correctly treated as the reaction to 
the “summation of the horizontal fiber stresses. — ‘The center of eee 


fiber “stresses is (0.7071 times the half depth above the gravity axis and that 


lowered 0. 179 times the half depth below the gravity axis at the end of the 
so that the reaction of stresses may be opposite the action 


Therefore, there are, in fact, more fibers. than are stretched in 
a simple | beam, and the linear law fiber stress in the tension zone 


slew. must canal the negative shear i in the tension zone, the rate of one 


of the fiber stress must be greater in the tension zone than in the e compres- 
- gion zone except at that normal section at which the true neutral plane is_ 
tangent to the gravity axis of the beam, namely, the center tia ineetanandl to the 
loaded simple beam and at the support of a cantilever. $n ip: porter 
Weisbach in his “Mechanics of Engineering”, appears to have been the 
first to ) note that equilibrium of the shearing stresses “must be taken into static 


apes in the problem of determining the position of the neutral plane, but : ww 


he failed to solve the problem. greate 

ay Assumptions (8) and (4) ordinary theory are inconsistent with and 

of Assumption (5). _ They present the grotesque 
that the shearing modulus may treated infinitely great lieu of its stress 
normal finite value of — E for homogeneous materials. follow 
Assumption (4) is largely innocuous ; thus a plane before bending Which 
 * ‘remains substantially plane after bending i in the web of a wide flanged I-beam, eseie 


yet | the anti-clockwise rotation of the plane from the normal renders the error 


in computing the elastic deflection by the ordinary theory equal to from 15% oT, 
= for ordinary spans to 50%, dependent upon the relative length to dey pth of the “ap 
considered.? By disregarding ‘shear strain the deflections of simple 


beam 
Deams are computed as less, and those of continuous beams as. greater, than 
For the development of the exact of flexure it is necessary only to 
ng assume that the ‘material obeys Hooke’s law. | The linear law of fiber stress. + ator 
distribution upon the normal central cross- -section of a symmetrically loaded 
£ simple beam and a like section | at the supports of a cantilever follows inevitably. y 7 
For equilibrium under internal | shear the sum of the compressive fiber 


i 4 im stresses parallel to the neutral plane 1 must equal the sum of the tensile stresses 


These to steel <-beams broad fla 
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‘TURNER ON STRESSES IN GRAVITY DAMS 


| of which is the same about any poin 


Let the tensions and compressions parallel to the neutral plane be defined = ; 
as moment stresses. Then, for a simply supported uniformly loaded beam, if, 


we equals the uniform load } per unit of length; 8, the external shear foree at 


any section; M, the applied moment; a’, the slope; and D, the deflection caused 


of the slopes ; and deflections accruing from moment stresses, that is , those - 


es- [J parallel to the true neutral plane. Such stresses in a horizontal beam _— 
-is Ba clockwise rotation n with 1 respect | to the vertical of every plane section norm mal 
ally to the tr true n neutral axis when looking g toward the left side of the simply sup- 
age ported beam. Shear s' strain, , on the contrary, gives rise to anti-clockwise rotation _ 
the tending t to relieve the mc moment stresses ; hence increased deflection follows until 
mto static equilibrium is restored at mid-sp -span. Therefore, a, ‘the true. 
greater than —— in the simple beam or cantilever. 

a Because shear | strain at the neutral plane’ tion to the m moment 


its Stresses and b because e the anti- clockwise rotation results t therefrom and i is 
"ited by the relative cross-section and elastic - properties of the material, the 

following g relations be written: “True slope, a, equals moment slope, 
1 93 and true deflection, ‘equals moment deflection, + 9), 
e which constitute the only modification that need be made in the ordinary ‘= 


oe summation equations of beam theory to reduce them to values in accord with = 


a - The factor, 98 is a fraction that is positive for simple and cantilever beams, 


but negative for continuous and restrained beams. It is a constant for a given 


= beam re regardless of kind or character of loading, but varies for different beams . 
an 


dependent upon ve length and cross-sections of flange and we _ rs 


Shearing strains, by exact analysis, differ from those determined under 


assumptions of the common theory far ‘more widely than the 


moment stresses. the common theory of flexure the assumption that internal 
shear strain may be disregarded i is false, because shear failure occurs in 1 short 


beams and must be accounted for somehow. — _ Accepting this assumption, text-_ 


book writers ¢ and building code authors again resort to the. erroneous | 


— 
- 
Ss parallel to the same plane acting upon any section norma! to the neutral plane 
salons Because these positive and negative forces form acouple,the moment 
n its plane of action. the hvpothes 0 
to 
at 
be 
- moments, slopes, and deflections of the ordinary theory are then determined “S 
in _at once by simple arithmetic, noting the geometrical relation that a parabolic © a pe 
ne moment area is two-thirds of its rectangle and that the third degree slope area — i a 
nal is five-eighths of its rectangle in the computation, 
d 
ace | il 
4 
— 
— 
itably 
— 
fiber 
res 


orizontal: shear ‘strains furnish the 


‘shearing st stress is the reaction m to shear because strain. 


(pure shear) presents the same rotational resistance through 360°, as shown 


by Cauchy ; that i is, horizontal shear - = vertical | shear at the neutral plane. Te 
NE - Because the horizontal shears are reactions equal. to the summation of, the : 
moment stresses they cannot be equal also to the vertical external : shear foree 
since the moments under the accepted equations. are equal to the summation 
i the shears and, therefore, cannot in general equal the external shear force at 


a section. To state the criticism with Euclidian two things 


a load at in Fig. 17, distant 0.3 from he 
left support, the external shear passes" through zero and changes sign under 


the load, P, and there the moment is a maximum; ; but at AA, a plane v which 


divides the m moment ‘ area in equal parts, internal shear strain must ere through 


Because the moment area to the left of AA ‘equals the moment area the 


h ee 4 right, the summation of bending to the right and left of AA must be equ ual as 


Pe 
action and and the sl shear stress ‘parallel the neutral is 3 zero at 
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TURNER ON STRESSES: IN GRAVITY DAMS 
‘in ‘ ——" cantilever | the summation of the horizontal shear stresses com- 
from 2 zero at the support, ‘increasing: toward the free end in manner 


analogous’ to the summation from the mid-span -span toward the end of the oa 
‘supported beam. 


Ina cantilever, horizontal 1 shear wan passes through zero at the neutral 
surface at the st support ‘and the external shear force is a maximum at this | point. 
On the the contrary, in a simply s ‘supported beam the internal shear strain at the 7 


™ 


"support is a ms maximum and the external shear force i is also a maximum. There- 


fore, the simply , supported beam is capable ofr resisting much smaller unit shear 7 


forces per unit of cross- -section area than the cantilever, th the continuous, or the 
restrained beam of the same cross- section. In the / case of the cantilever or a 
continuous beam, where the internal shear ‘at the neutral axis is ‘zero, the 
external | shear force must be resisted by ‘the components of the - principal an 


stresses and the diagonal tensions and due to ‘the of 


curvature. 


Mr. Jakobsen’s painstaking investigation proceeds on common 


erroneous practice of confusing external shear force with internal shear strain. 

Unfortunately, therefore, it is founded on the theoretical “quicksand’ of 

-differe ntial calculus of assumptions and the integral calculus of presumptions — 


rather than on the bed-rock of fundamental principles and the of 
The linear law of fiber stress intensity at a section to 


p ane is an inescapable consequence of the assumption of homogeneous clastic 

material subject to Hooke’s law. Any supposed proof to the contrary indicates 
error. In the case of Mr. J akobsen the error is embodied in the misapplication 


of both the common theory ‘and exact. theory of flexure to the triangular dam. 


The linear law applies to. a section 1 normal to the neutral plane which, at the 


base, coincides with the gravity, center of the mass. By erroneously assuming 
a horizontal plane diagonal to t the gravity axis ‘the » designer | concludes that 


fiber stresses of flexure are much less than their maximum n intensity ; and — 
the linear law of fiber stress intensity does not apply, and is not ‘presumed to 
apply, to a section diagonal to the normal under the ordinary theory. 


From the preceding discussion it appears that: whether the exact theory el 


stresses in n the triangular dam \ will be determined to be of like magnitude. oe ; 
first step is to locate the critical section. The gravi 


gravity axis of the 
triangular mass makes an angle, 4 p> with the » vertical. The critical section 


inclines upward from the bed at the base of the e dam at an angle « of bd to the 
horizontal. Obviously, this resisting ‘section is smaller i in area’ than the hori- 
zontal section considered by Mr. Jakobsen ; the lever arm of the dead ener 
is less and the maximum stresses’ will be greater than those. erroneously com-_ 
puted on the assumption that the critical section is horizontal and diagonal — 

to the gravity axis. 2 The variation in stress must follow the linear law on the — 
“critical section if the material is is elastic and obeys Hooke’ ’g law. Its rate of 


variation on diagonal section is an practical 
f 
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oy es attempting to point out some of the misconceptions and d erroneous as- 
_ sumptions presented i in textbook theory, it will be w well to call attention to the 
isunderstanding of the exact nature of Poisson’s ratio. 


‘The lateral contraction of elastic. material under “longitudinal strain is 
brought about by the inclination of the planes of. greatest shear to ‘the ental 


direction of the stress. inclination is constant at 45° in all cases of 
i homogeneous strain, but it differs from 45° in all cases of heter rogeneous s strain. 


re, for a case of heterogeneous sti strain ‘is different and distinct from - 


in the case of homogeneous strain, a fundamental relation which i is lost ‘sight 


oi in Mr. Jakobsen’s discussion. 


The determinate structure is ‘one in which the reactions are 2 determined by 


i iss law of gravitation and the principle of the ‘simple lever; ; hence the de eflec- 
tion and work of deformation 1 is the greatest t that the resistance of the material — 
"permits under - the principle of the lever. | 


f ae The indeterminate structure, on the contrary, is governed by the — 
ot a rigidities, which asserts that where there are different paths by which the 
load ‘may travel to the sup support, it divides itself between these several ‘paths 


strictly in proportion to the respective rigidities, and so divided the 
work of deformation will be less than with a any other or or different division. aad 


arises the so-called “aw of least work. 


The old preparatory school algebras taught that if a function o of the to 
variables i is plotted when the value of Y along XY is a maximum, the tangent 
to the curve becomes parallel to the axis of abscissas; that i is, 1 its angle thereto 


equals | and its tangent, . -, is also zero. In like manner aaa the value fiabl 


lis 
ot Y along X is a minimum the tangent to t the curve is likewise parallel * 


this 


axis of abscissas and its angle therewith passes s through “zero. 

These ‘Telations comprise the fashioned criterion for maximum and 
minimum values. Men of the ‘modernistie school and textbook writers insist 


treating ‘this old and familiar principle in the theory of work as the 
derivative ‘of the | work function and render it mysterious ‘that maximum 
values - confused with minimum, and the precise mathematical distinction probs 
ween the determinate and indeterminate structure is lost sight of, a8 
Thus, at the outset, Mr. Jakobsen correctly classifies the section of the 


"gravity dam as determinate under - the law of gravitation and principle of t the 1 gy 


~ lever. x Then he proceeds to derive « equations of resistance upon this basis and, 
finally, assumes that they may be inserted i in his work equations a and solved by the u 
the ‘ ‘principle of least work”, thus confusing the diverse characteristics of the firma 
determinate and indeterminate structure. «comp 
if gravity dams a are to be built, the maximum stresses at the critical sec- ta T) 
should be computed with a or practical degree of accuracy. being 
cannot be done. if sections other than critical are selected. Taking 
ike a horizontal section of the dam, when the ‘normal to the neutral plane makes © wat 


an angle Crate, aaah in a a moment of i inertia far ate Wan at the critical 
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pn so ‘that there is a large error on the unsafe side in the a 
go made; and» this, according to Mr. J akobsen, is the ordinary but inaccurate 


ial oo writer’s opinion of the gravity | dam is that it may be regarded as —_ 
aed reasonably economical where the head of water to be impounded does 3 not 


‘much exceed 15 or 20. ft. For a higher dam the gravity type which has been = 


“handed down from a an ancient, ‘period i is highly uneconomical. It lacks the 


n4 


‘decreases, but with a properly designed reinforced concrete dam having ar an 


‘Thus, with the gravity ‘as the } head increases the over- turning resistance 
‘inclined d up- ‘stream face, on the contrary, as the pressure increases the over- 7 


‘turning resistance by that ] pressure increases in dike ratio, and the rational 
elements of stability are combined w ith greater economy. - Why hold on on ‘to 
that which is: obsolete instead of that which is v up to date and modern? This 


is a ‘ocntion to which hydraulic engincers sapien consideration in the 


he ¥ Donatp P. Barnes Soc. 

evidence that the assumption of linear stress s distribution is is in error may y be - 
y -regarde ed as conclusive. Jakobsen’s analysis is theoretical: proof for the 
ees ease of a dam on a rigid foundation, and the v various experimental ‘results 
; all cited by him are factual evidence of the inaccuracy of the old ‘theory. That 
this i inaccuracy is appreciable, that the real ‘maximum | stresses are mate- 
{ 


vrially ‘greater than indicated by the straight- line theory are likewise j justi- 


inferences. There remains, however, considerable. ‘uncertainty 


“the closeness with which th the obtained by M Mr. Jakobsen’s “method 
“ai: This uncertainty arises, perhaps primarily from the assumption of a rigid . 
n and foundation. __The author has himself observed in the closing paragraph of 
insist Appendix III that no account is taken of irregularities of the base, and also 
as the that “<*# * * as Dr. Vogt has shown, the foundation does not remain plane 
imum when the stresses are linear. The philosophy of the principle of least work is 
notion probably | entirely acceptable, Nate the statement of its application should be - 
ot, as condition that the — of the internal } work of the dam and of the foundation 
eee shall be a minimum. It does not follow that the work of either, , alone, would . 
of the | minimum. = 
of the The inclusion of ‘the internal work of be an insur- 
is and, mountable mathematical obstacle. Its neglect, however, would seem to render 
lved by & ‘the utility of Mr. Jakobsen’s results largely dependent ‘upon ¢ experimental con-- 
of the firmation. : In this connection, , the results of a physical investigation ‘recently — 
cal sec: The model cut ‘cut in the proportions sho 

curacy 

Taking Designer, Pasadena Water Dept., Pasadena, Calif. 
critical Proceedings, Am. Soc. C. E., September, 1930, Papers and 1637. 
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Stresses in Gravity Dams Thesis } presented at California Inst. of 
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but cut in one piece with “the base, in pene to include the effect of the : 


elasticity of the foundation as nearly as practicable, Loads graduated | to 
simulate water pressure were applied to” the the up-stream face. The weight 
the structure itself (gravity load) neglected, was also the vertical 
- water pressure on that part of the foundation under the res eservoir. . The ond 
tion was that discussed b by Mr. Section VIII. 


18.—SHAPE OF MODEL AND POSITION OF POINTS 
OF WHICH WERE — 


components « of the displacements of the points shown were 
with micrometer microscopes. These distances were plotted to. 
exaggerated v vertical scale and curves drawn through the points. The curve 


7 of the upper row of points was | extrapolated at the down-stream end. ‘Dif. 


ferences between ordinates to points lying in the same vi vertical line on the two § Mr. . 

( eurves, divided by the interval between the rows, were assumed to equal the =~ 
vertical deformations, 8, of corresponding points on the intermediate It 
tion (one-iwentieth of the height from the meth 
“at From the application of Hooke’s law, considering: Poisson’s ratio, sag partic 

which, and — are the vertical and horizontal unit the: A 


modul us of elasticity, and Poisson’s ratio, respectively, for celluloid. Fs t 
3 Equation (46) and the measured values of 8, assuming E = 295000 lb. per which 


20. in., — = 0.32, and n, = 58 lb. per sq. in. (approximate average, assumed J other; 


ba constant across the base), a stress curve similar i in ‘shape to that of Fig. 19 


was found for which the equilibrium equations, = = ny = 0, and 2M =0, » Con: 
ati eck, were completely satisfied. However, George E. Beggs, M. Am. 
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1 


Soc. C. E., ies EK = 263 750 Ib. per sq. in. haces m = 2.38 


id. 


cellulo This circumstance, combined with the fact that no of these 


values was made for the model in question, d somew. 


of the check noted. 


me 
201 Pounds per Square Inch, 


a. 


| 


va 


conerete dam were obtained ‘from the 


in the by the ¢ constant 0. 651, obtained from 


the relations of the a loads of the dam | and model. Fig. 19 is bl 
oe For this case of “horizontal | — ‘iii. it will be seen that the experiment 


‘oseewal to, indicates. a maximum ter asile stress about twice as great as that — 
found by the straight-line theory and a “compressive stress about 25% greater. 
Mr. Jakobsen’s analysis gives a tensile stress about 43% greater com- 
pressive stress about 20% less than those found by ‘the linear theory. ; 


It does not "appear that the experimental confirmation of Mr. Tal 


: method at present available i is sufficient to warrant its use in practical design, — 


particularly inasmuch as its fundamental a assumption, that of the principle of a ** g 


Ww vork, i is not as to include the effect. of the foundation. 


‘in the selection of a profile than is the ‘practice. 

ANTHONY Assoc. M. Am. Soo. E. letter). 8a__ -The author 


has thrown considerable doubt on the validity of the “middle- third” rule 
which has been widely used i in the design of dams, TI The results of his theo- 


retical investigations form another piece of evidence, ; in addition to sev eral a 


others which have been brought sharply to the engineer’ s attention in the last 


Report on Arch Dam Investigation, Proceedings, Am. Soc. Cc. 8, May, 1928, 
8 Asst. Prof., Civ. Eng., Union Coll., Schenectady, N. ; 
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HOADLEY Y ON ‘STRESSES IN GRAVITY D DAMS 


: In order to ol deni a workable set of equations it has been necessary ' to set up a 

formidable array of restrictions. These restrictions are analogous to those ‘used 
_in developing the theory of stress distribution in reinforced concrete. . Although | 


the actual stress distribution in either dam o or reinforced ‘concrete member 
will differ from the theoretical distribution, it seems to the writer that the 
theory ‘is still a useful tool to the designer. 


‘The t theory developed by Mr. Jal kobsen indicates that many existing dams 
must be in tension at the up-stream face. That this is possible has been 


aii 4 


indicated® by Searcy B. | Slack, M. Am. Soe. c. E., in n reporting strain meas- 


ba 


which indicate stresses as high 250 Ib. per sq. in. in 1 tension. 


tes ts, Clyde Morris, M Am. 

The compressive stress at any section of the rib checks the 

- observed stress more closely when it is assumed that the concrete takes ten- — 

sion, than when it is assumed that the concrete is not active in resisting 

tensile stresses, even when high t tensile stresses have caused | -eracks in the 


“How much | stress horizontal “onstruction joint ( (which destroys” the 


homogeneity of the mass, and, “consequently, limits the applicability of Mr. 


-Jakobsen’s- equations) will carry, is another question. 


. ee hs _ The use of a factor of safety of one in the ‘design of dams seems to ‘the 
7 writer to be unsafe. » He is glad tc to see a theory ry presented, which calls for 
increasing the base width. In 1928, the writer was doing some experimental 


_ work i in which a silk line (50- Ib. test) was used to carry the load. _ The con- 
"sequences of a break in ‘the line were not severe. Tt meant merely an half 


hour spent in putting in a new piece of line plus the possibility | of a cut or 


bruised hand ; even at that, a very ‘uncomfortable feeling was produced 
each time: the load approached the 50-Ib. mark, which would § give a “factor 


of safety” of one. “Surely the designer of a dam should protect himself f from 
that “yneomfortable fecling”- —or worse—by using a factor of ‘safety mate-_ 
“greater than one, It be argued that the loads acting on ad am 


are static and definitely ‘known, but this does not see! to be borne out by 
evidence produced in two papers recently published? 11 


is very interesting” notice _ the slight “change in stress- distribution | 
(Table 9) caused ‘by assuming widely different va es for Poisson’ sr ati 


|The writer wonders what the effect. would be if Poisson’s ratio varied from 

i “The writer found that, according to the theory developed by Mr. J akobsen, 
the width of the base of a dam of triangular section ‘should | be 0.82 times. the 
height if the tension is is to be avoided at the heel; or, , expressed in ai another 
ae “way, the resultant force should not fall on the down- stream side of the ‘middle 


of the base. This section approximates that suggested 


”, Proceedings, Am. Soc. C. E., November, 1929, 
avg 10 Proceedings, Am. Soe. E. March, 1929, Papers and Discussions, p. 611. 
11 “ Hydrostatic Uplift in Pervious Soils’’, by H. de B. Parsons, M. Am. 
roe Am. Soc. ©. E., Vol. 98 (1929), D. 1317; and “ Upward Pressure Under Dams: D>, periments by the United 


States Bureau ‘ot Reclamation”’, by ‘Julian Hinds, M. Am. Soe. C. E., Loe. cit., p. 1527. — 
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anuary, 19 HOADLEY ON STRESSES IN GRAVITY DA MS” 
Maurice Levy. Equations (16), 17), (25), and (26) were solved the 
constants A’, B’, C’, and F’, with the results shown in Table 13. 


-VALUuES oF Const ANTS FOR ARIOUS OF 


w = 1502; and m = 


Constants. k = 0.70. = 


4 


0.11718 
8. 77501 
4.5640 40027 


Va ues of ny at the up- -stream face of - ‘the dam were then readily —_— . 
ane 70, 0. 15, and 0.80. : These vs values, t together w ith those given | by Mr. 


akobsen for k = 0.645 and 0.844, were plotted against i et This curve pat 


are In 


3 
a” 
3 


Stress in P 


TION OF FOR SECTIONS WITH VARYING BASE 


the Ny was then it investigated. ~The results, 
- combined | w with those obtained “a Mr. Jakobsen for k = 0.645 and k = = oO. 844, 7 
are shown in Fig. 20. Comparing the n,-curve e for k= @ 645, (Fig. 4), with 
the = 0. 844 it seen the general is very 


For this reason the writer has values of nz t at the 


only. These values, ‘including "those given by Mr. J akobsen for = 0.645 
— k at 844, together with data showing the relationship between n, Ny my and 

are hown in Table 
, The ny-stresses have been obtained for a dam of triangul 


ar section which | 
be modified i in construction by additional material at the top. 
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 edteeine manner, which is based on the fact that Mr. Jakobsen has shown 7 oe 


Papers 


_ the stresses due to the weight of the dam alone a: as computed i the theory 


of least work to. be nearly the same as th 


a _ linear stress: distribution. Compute ny by the author’s method for the tri- 

- angular section. The stresses due to the added mass of concrete are then 


computed on the . straight- line, stress-distribution theory. The resultant = 
tical stress will be very closely the > algebraic sum of these two. 


TABLE 14- STRESSES . AT Tor or Dam For DIFFERENT Ww IDTHS OF Bas 


= 100 ft; b = 100 g = 62.5; w = = 1502; m = 8; and 


= 


i 


29.89 95.8. 0 
| —28. 90 


= 1172.4 
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MERICAN SOCIE TY OF CIVIL 


OF SIMILARITY AND MODELS 
BATEMAN, AND W. P. Roop 


a of a phy sical s sy ystem, can only 
numbers which measure the system relative to itself. These numbers will 


called the proportions of the system. In some cases they may be regarded as 


obtained | by means ns of some e measuring - apparatus ‘included i in the system, but — 


i in most cases ; they ar are supposed to be known from some former heap Trl 


to which the system was subjected a and from recognized laws relating to their 7 

‘constancy or mode of variation since these measurements \ Ww vere ‘made, 


eitid In an ultimate ] physical analysis’ a proportion will be either the ratio of the 7 
“measures of two entities of the same physical type. (for example, tw lengths = | 
or two velocities ), or a definite function of such ratios (a product, for instance). Ke 


bin 


A compound e3 expression ‘such as a Reynolds’ number i is in this sense a propor- 
tion of a system. By using t the kinetic theory of gases, Th. von has 


shown that the Reynolds number can be e regarded as the ratio of two lengths: 
ay 

J esi by the ratio of two velocities. LA One of the lengths may be taken to 

be the mean free path of a molecule and one of the velocities the velocity of — ; 


a theoretical expression for numerical ‘coefficient is lacking one 


cannot strictly speak of a theory of similarity except - in particularly simple 
cases. _ Generally, one must | be content to discuss the validity of the working 


hypothesis that the coefficient depends essentially ‘upon a certain finite set ‘of 
‘Proportions which may be called - the dominant proportions of the system, Ss. 


” theory of model testing tacitly assumes the existence of motions and con- 7 
qa which are strictly similar in the geometrical and dynamical senses’ 
although | sometimes the situation is simplified by the assumption of steady 


4 motion and then it m may happen that ‘a proportion involving gravity or an 7 


- _Norg.—The paper by Benjamin F. Groat, M. Am. Soc. C. E., was published in October, 
1930, Proceedings. This discussion is printed in Proceedings in order that the views expressed 
mend be brought before all members for further discussions. 
* 1Pprof., Guggenheim Graduate School of Inst. 
Received by the Secretary, November 15, 193 1930. 
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ROOP ON THEORY OF SIMILARITY MODELS 


acceleration ceases be dominant. ‘Much depends, “upon 


W hen a proportion is dominant it is customary to speak of a cor responding 


fect, such as scale effect, compressibility “effect, , ete. In this sense one can 
wr agrees with Mr. Groat in main contentions, but is inclined 


to say that, although —Galileo* Newton recognized the existence of the 


gravity effect, , the credit belongs to W. Froude for the discovery that the 
associated ‘proportion is often dominant: when the physic cal system involves a 


- golid body and two fluids which are ‘separated by gravity. ie his discovery was 


essentially of an experimental “nature because generally certain inequalities 


must b be satisfied by the proportions, in order that one may be dominant, or 

that two may be dominant relative to the others. Av valuable discussion of the 
theoretical basis of model strength tests e structures has been g given 

by Messrs. W. L. Cowley and H. Levy. “In laying down conditions for the 


‘similarity of structures these writers recognize that in many “cases: there is. 


some latitude 1 in the scope | of selection of mater ial for the model. ae cilia 
Physical considerations relating to the structure of matter and the texture 
- surfaces make it seem improbable that strict similarity can ever be attained 


When & m 


Fg en a model has a simple form the number of geometrical proportions — 
_ needed for its description is small, but j in order to specify accurately the shape 


of an airfoil a large number of proportions are » needed. If these proportions are. " 
chosen random without any ‘theory y or experience, it is impossible 


_ to say which of them will be dominant. “Sh model made with the aid of a | 
a template may seem to be of the right , shape with a fair degree « of ac accuracy, yet 


te errors ins some proportions n needed for the accurate ‘description | of the shape, 


“may large while those in others may be small. If it happens: that the 
“a “4 great accuracy is ; attained in the case of unimportant proportions and the low | 


accuracy in the case of proportions which are really dominant, tests with the 


, In hydraulics, model | testing is often uncertain on account of the i irr regular 


form of the bed of a river the substance w vhich it is composed. * Some 


C. Camichel his. co- -workers.? wet 4! 
Roop,’ M. Ax. Soc. ©. E. “(by letter), 8a__My, Groat’s effort to make 
th e ‘method | based on the theory of similitude ‘more accessible 


3 members of the Society must command th the liveliest sy mpathy from a mem- 
ber of the staff at the United States Experimental 1 Model Basin where the 


of similitude constitutes the “breath of life.” 


“Growth and Form,” by D’Arcy Wentworth Thompson, Univ. Press, 1917. 


“Hydraulic Laboratory Practice,” by John R. Freeman, Past- -President and Hon. 


Soc. C. E., Am. Soc. Mech. Eng., 1929. 


‘Aa 7 Engineering, Vol. 123, p. 27 (1927); see, also, a paper by C. Camichel, L. Escande, 
and M. Ricaud, Générale Eléctricité, t. 20, Pp. (54 (2938). 


Lieut. (C. C.), U. S. N., Washington, D. C. 
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January, 1931 -ROOP ON THEORY OF SIMILARITY AND MODELS 


There: however, certain statements in his treatment of the subject 


which receive a degree of ‘emphasis not altogether appropriate. to a dispassion- 


ate consideration of the subject. one, the writer must demur to. the 

* author’ s remark that nothing ever has been added to any of Newton’s theories. 
hs bites In Proposition II Newton’ ‘establishes the idea of terminal speed of 4 

body falling through a resisting 1 medium, but the writer does not find that he 
anywhere traces this effect to frictional, opposed to dynamic, causes. 


is not surprising, therefore, that he should believe that the “resistance 


* the duplicate ratio of the velocity | 4 
a and a a spheroid of equal breadths 


ed 
bodies ar are e equally. on n by ‘the On t the contrary he see seems 


— to suggest in the second paragraph of ieeianiic XL that it is the inertia of 
| fluid rather than its friction that is is primarily concerned. 


Detailed discussion of Newton’ 8 ideas is perhaps not in order here, but 


2 one or two further allusions are necessary. . Proposition XL has as its pur- a 
pose “to find by phenomena the resistance of a globe moving through a per- 


fectly fluid compressed “medium”. Whether by this he meant an inviscid fluid 


is not discussion of Experiment 12 he uses these words: 


ede “The viftly the globes ‘move, the less are they pressed by the fluid at 
their hinder parts; and if the velocity be perpetually increased, they will | 
at last an empty space behind | them, ‘the of 


3 t processes of eddy formation and sade that cause such inconvenient com- 


dice However, t this would be ‘yeading into his words, , meaning which i is certainly a 

not contained in them in way. He did not know that 
_ sphere moving at uniform speed would meet no resistance at all i in an infinite - 


frictionless fluid; that its actual resistance, including that. due» to eddies, 
origin to the fact that fluids are not frictionless. 


sible 
of a 


Apparently, Mr. Groat still is under the impression that frictional 
on a solid surface due to tangential motion of a fluid across it is ordinarily 7 
_ proportional to the square of the ‘speed. — At the Experimental Model Basin — 


a statement is considered completely « erroneous, and if ‘such a law 


— 


me _ Possibly some details as to this point may be of interest because they will : 


illustrate the fact that the successful application of the model method depends 
on development of a suitable experimental technique as surely as upon sound 


Even 


i 


“through the water. thought that it varied according | toa speed exponent 
Escande, which departed from 2.00 by a fixed amount, and by the 1 use of this a assumption 
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ROOP ON THEORY OF SIMILARITY AND MODELS 


4 obtained for the first, time, in a \ field where many others h had failed, : a practica- 


ble model method for | estimating power ‘requirements for ships. t 
arrived at a a result differing somewhat that of Froude. 


"Basin j in the thirty years of 


Data from these three sources have been cnnnionnandl in a paper recently 


published, 12 which shows that their precision is not sufficient to permit investi- 
gators to distinguish between two types formula, in one of q 


es 

the t may b ven | 


_ von Nevertheless, in spite of arbitrary model scales, which Mr. Groat states are 


permissible only if the exponent is 2.00, and in spite of variability of actual 
frictional resistances—in short, i in m spite of the impossibility of application : 


of the model method for absolute pow power  calculations—it i is true that the model 
method excels all others long as” its function is restricted essentially 


that of providing comparisons between existing and proposed full scale 


Mr. Groat’s insistence that dynamic similitude is the one and only kind © 


4 ‘seems to be somewhat academic. . In his “Conclusions” he states: “When that 
_ [Newton’ 3] theorem is fully ‘satisfied, Reynolds’ number will be satisfied”. 
AS Newton s says nothing of viscosity, the writer assumes | that Mr. r. Groat won 

_ have it in mind that viscous action is itself ultimately a dynamic phenomenon, 
8 in which, however, tl the bodies are of molecular dimensions; but the scale on 
which molecules are built cannot be controlled. In order that two similar 
dynamic systems should have at the same time equal speed Jength ratios and 


equal values of Reynolds’ number it would be necessary to adjust the kinematic 


viscosity y of the fluid separately for each speed. This is obviously impracticable, 


as a matter of fact it is unnecessary. In n practical w work on ship resistance 
no attempt is made to satisfy rigorously the e conditions of full similitude. 
1 is true that a large part of the uncertainties would be eliminated if ae ae 


similitude could be achieved ; but ‘this cannot be done and engineers are 


dependent on a friction formula showing ° variation of friction when equality of 


. we The really important point is that success in ship-model work is | achieved, 
‘ 7 14 not by insistence on theoretical rigor, but by acceptance of a a procedure that is. 
only partly based on -similitude, justified by the fact that it produces the 
desir ed results. In all discussions of similitude the fact should not be lost from 
bu sight that the power required to drive a ship actually can be predicted with 
 vather high | precision by means of model tests. The methods used in susie 

-plishing this are the products of long evolution. It ‘may not be | generally 


+ th known that model tests on ship resistance were made by Benjamin Franklin : as 


Oa Bchiffoau, Vol. XXII; translation sal National Advisory Committee for Aeronautics, 
=) a “Frictional Resistance of Ship Models,” by W. P. Roop, M. ‘Am. Soe. C. E., ‘Transac- 

8, Soc. of Nav. Archts. and ‘Marine Engrs., ‘Vol. 
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ON THEORY OF SIMILARITY AND MODELS 


for successful m ine clude long continuance of model 


— 


JA person who expects to to be able to draw valid conclusions from one or two 
or a dozen model tests in a new field in which the possibilities of unforeseen 
ae effects have not been explored fully had better prepare ,his mind for diss 
"appointment. ‘Iti is unfortunate that such | disappointments i in the past have le d 


8 some ¢ engineers to overlook the fact that, under the right conditions, tho 
model method d may be : made to yield results otherwise unobtainable. . Extension | 


2g its s use 01 on a long- term basis might » well lead, as Mr. Groat suggests in | his” 


_ concluding remarks, to the | creation m of “a new department of See 
is quite right also i in 1 referring tc to the necessity for 
of a “corps of specialists”. Some | progress in ‘this direction i is being made at at 


the U.S. Model Basin and as appreciation of the importance 


of the subject 
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DISCUSSION 


THE BUTTRESSED DAM OF UNIFORM STRENGTH > 


yume ~ 


y JAMES GIRAND, AND FRED A. NOETZLI 
oc. E. (by etter) design of 


structures has ‘fallen. short. of the precision developed by the 
steel designers. There has been much groping for the fundamentals under- 
fe lyi ing the design of these monolithic “masses, in | whieh the weight of the struc- 


ture is the sole ‘resistance to the load. The author’ ‘has presented a method, 
complete in every” detail, which appears to be. the: solution so long sought. 
‘Difficulties of design | and construction have pointed to a buttress of i this shape. 
Other attempts have been made to approach this method of design, and such — 
a dam is actually under construction on the Choapa Project in Ls sad in which 7 


fh discussion of this pe paper, two points may be emphasized. _ The first deals 


3 


decrease of load will allow part of weight to rest on 


columns. An increase in load will overturn entire column. In other 
tas 


words, the factor of safety of i. structure against overturning is 1 0. This is 


- due to the design, considering the full weight of the concrete as effective. 
“Any desired 5 safety factor can be secured by a assuming the proper ‘proportion — 


of the concrete to be resisting the load. | Various investigations by the writer 
on the trajectories of stress and the principle of least work have led to the 
conclusion that at the point: least work the stresses will distribute them- 
; selves so that about two-thirds of the weight of the structure will be useful 
resisting the load. This g gives a logical distribution of stress and | 
of safety of 1. 5. This use of two-thirds of the unit weight of the — 4 4 
: in the design will not materially increase the total quantity of concrete in the — 


buttress; it change the ‘shape of the catenaries and slightly lengthen 


- Notre.—The paper by Herman Schorer, Assoc. -M. Am. Soc. C. E., was published in 
_ November, 1930, Proceedings. This discussion is printed in Proceedings in order that he 
views expressed may be brought before other members for 
1Engr., Arizona Hydro-Elec. Syndicate, Phenix, Ariz. 
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OF UNIFORM — GTH 


the buttress, | but it will not increase > the thickness. A high factor of s safety 
against: ‘overturning: is not essential, as the maximum load on a dam is well 
fixed. Tf an ample allowance is made for maximum high water, then the 
only” additional load which could occur, would be | an earthquake load which 


generally accepted at 0. 1 g- 


Inclined Open Joints. —In his paper, the author indicates continuous 
joints between adjacent column units. This method of putting joints on the 


lines of first principal stress is being widely accepted, and the Coolidge Dam 

is an example of buttresses so constructed. ‘This technique « offers several induce- 
ments to the designer. It. simplifies the units of design and permits more > 
accurate use of the older methods. From: the construction standpoint, it 
localizes shrinkage cracks and directs them so as to do the least harm to the 
;. structure. | The latter is probably the he principal excuse for in introducing planes | 


_ Why should designers intentionally remove some of the inherent strength 


he 


of the structure? Many dams chow considerable tension along the lines of y 


"second principal stress, and joints ‘on the lines of first stress would 


_ seriously weaken the structure. = _ This ability of the concrete to» take tension 


_ other reasons why the division into columns does not accompli sh the ised 
(a) If ‘the design is correct, the first principal stresses uni-_ 


om Hy or not, a joint is present, _ therefore, it may as well be 
(b) The lines of stress will not conform to the shape of the column 
except at exactly the designed head. - the columns are totally — 
free, this will lead to bending stresses and other undesirable 
io inc conditions. — If the columns are in contact with the adjacent — 
vier it, gag the stresses will be transmitted across the joint, in which ~ 
ease, it would be preferable to have no joint. 
_ (e) In any case of a laminated body | supporting a load, it is better to 
the joints parallel ‘to the lines of second principal stress 
rather than to the first. This might be exemplified by consid- 


ering a a foot cube of steel necessary to support a load. Such a 


cube would undoubtedly be made of plates lying flat and ‘not 
premises lead to the conclusion that no joints should be 
= Dy 0 but how should ‘one deal with the concrete as it is being placed to- day? 
Shrinkage u ndoubtedly occurs and even the fi finest structures with exceptionally 
high test concrete may have high initial tension due to shrinkage. Even if 
 - no cracks 4 appear, the tension will radically affect the stresses and make ‘futile 
i‘ ae As the concrete must be placed in units, these units ail be bounded | 
2 by 1 the lines of first and | second principal 
‘The ideal way to place concrete would be diamond- shaped units, 
F shown in Fig. 13, As the concrete sets and shrinkage takes place, the entire 
unit will settle down into the notch. This should relieve all tension in the unit — 


a small initial’ compression. This method 


is an additional factor of safety” and should n not be sacrificed. / There are 


_ form, and the ey principal stresses zero, it is immaterial — 
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J anuary _ GIRAND ON THE BUTTRESSED DAM OF UNIFORM STRENG 


could be left open on the top edges until ote were half full; nailed 
~ inside the forms would support short lengths of sheeting put in place as the 
pour rises. To ) bound the pour ur by the lines of first and second principal stress ’ 

pproaches this hnaglenonciag and allows the unit poured to free itself of some = 


f the “shrinkage stresses. 4 If it is still considered desirable to introduce 
ontinuous joints” to take uj 


e up any movements and control cracks, the joints 


Fi. 13: IDEAL War TO 


may | be port full of concrete, is difficult to is a fact, 
that at many 


‘the bed- rock has been stepped, cleaned, treated in 

amet) manner to a assure a a good bond and to prevent ‘sliding, w hile a f 


ew feet 
he 


th of f the bed- rock joint. 


All Construction 
on Lines of First and 
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ON THE ‘BUTTRESSED DAM ‘OF! STRENGTH 


‘The of absolute weight, as by the 


-face . The curve 
smultiple- arch deck is used, as the curve will ¢ cause: ‘the arches to of 


Using 

concrete for y,; (2) the concrete of p “pour § “shall: a 
. be bounded by the lines of principal stress ; and (3) the use of continuo 7 
 yeinforcement from the bed- rock through to the down-stream — the 


Tihs The author has made a notable and far-reaching contribution to the Engi- 

A. M. E. (by letter). isa well « established 
he fact that the highest degree of economy of material in a structure is ‘obtained — 


foes when this | can be designed | so that for for full loa load the material is ‘subjected at 


all p ‘points to the same maximum permissible v unit stress, Such. ideal -condi- 
tions are feasible in ‘relatively few engineering structures. The author has’ 
_ shown how they can be approached very closely i in dams of de buttressed type. 7 
In the | type of dam described by Mr r Schorer a buttress i is assumed to con- 
sist of ‘a combination of elementary arched column units ¢ each which | 
transmits the portion of the water pressure acting on its up-s -stream_ deck, 


_ together with its 0 own weight, by uniform axial compression to the founda- a 


sq. in. n., designer is | w with 1 the aid of the and 
to determine the theoretical dimensions of a buttress of minimum 
= for any given height and id spacing. Only the tallest t buttress ata given 


dam site must be determined in this manner. — ‘The buttresses of lesser height - 


then merely portions of the tallest at 
ovations. 


Fig. requires s some modification for practical applications, for instance, 


such as that incorporated i in the author’s design example : shown i in Fig. . ae * 
In buttresses o of considerable length the shrinkage of the concrete is 3 likely 
‘produce cracks. The author proposes to provide inclined joints, thus 


eliminating the danger of irregular shrinkage cracks, ‘such as otherwise might | 


ie occur possibly in planes of high | shearing stresses. Such joints have been — 
ou ed successfully : in the buttresses | of the | Coolidge (multiple- dome) Dam, in 
Arizona, the Big Dalton (multiple- arch) Dam, in California, the Bananeiras~ 
De (multiple- arch) Dam, in Brazil, and the Rodriguez (Ambursen) Dam, in 
Mexico . In some of these dams an investigation by the method ¢ of teed: 

; ” stresses showed tension stresses in the buttresses in planes perpendicular to 

the joints” ‘(second ‘principal stresses). These tension stresses taken 

2a care of by a proper amount of steel reinforcement. - Whenever inclined joints 


are used in a buttressed dam it is desirable to investigate the stability of 


2Cons. Hydr. Engr., Los Angeles, ‘Calif. 
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“aN 


the respective force In the author’s 
of dam this feature is s already inherent i in the design, because the axis of each 


elementary column has the shape of a 1 catenary for the loads : acting | upon 1 this 


In buttressed dams of the usual type the joints are placed parallel to the 

oy of the first principal stresses because in these planes the shear 

stresses are ze zero. E Each individ dual inclined column must be stable by ‘itself. 
‘The , safety against o overturning ¢ can be increased materially at relatively small 

expense by placing reinforcing bars ‘parallel to and the 

In Fig. 15 there are three inclined joints extending upward 


a 


vidual column the funicular polygon was drawn for includ- 
ing water load and second principal stresses. ‘Fig. 16 shows stresses 
_ horizontal planes - which were computed for the monolithic buttress (without 
joints), and for the individual columns, from the forces of the force polygons 
the eccentricities 0 of the string polygons” relative to column axes. 
agreement between the stresses in the monolithic tet ‘ess and in 


individual columns i is reasonably good considering the almost nh inac- 


Buttress 


165" 


Column Number4 Monolithic Buttress 
Column Number 4 — 


300 


levels 30 fend 54.5 ft. below of the dam. Also, for these load 


24 

ee aren ™ = each individual inclined column. This may be done by combining all the _ ‘ 
ao 
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the 
i In the design example shown i in Fig. 11, Mr. Schorer proposes an up- “stream + 
r deck consisting of a slab cantilevered out laterally for a length of 15 ft. on 
& each side of the center line of the buttress. This cantilever slab is moved 
ith large 45° haunches. The slab, haunches, and wall are constructed 
The normal sections of the deck slab at various clevations are ‘shown by 
‘ the author in Fig. 11(A). For instance, a at the 300-ft. . depth below the crest the 
normal ‘section 1 has the dimensions shown i in Fig. The bending 
moment per foot in slab and haunch « on one side of the buttress wall has the 
6 value, _M = 62.5 X 300 X 9. 75? X i= 890 000 ft- Ib. By the ordinary r rules 
© of reinforced concrete design the necessary reinforcement would be 3.5 sq. ‘in. 7 
per ft. . The maximum shear is is about 80 Ib. per sq. in., requiring bent- -up bars *% 
ah or stirrups to to _ ke care 2 of the diagonal tension stresses. 
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COMPARISON OF ROUND 
HEAD BUTTRESS WITH | 

SHORER TYPE AT ELEV. 30 


_ By way ‘of comparison there is shown in Fig. 17(b) a round-head buttress _ 
for: the same span of 30 ft. and the same thickness of the buttress used by the | os 
author. In such a case the 1e water pressure is. transmitted radially “ by 
direct | compression through the buttress head upon the buttress wall Con- 
_ sequently, no bending moment 0 occurs in the buttress head and no steel 1 — 
forcement is required. ~The qu quantity of concrete in the rounded head compares — 
favorably. with that at of the cantilever type. Thus, by the simple arrangement 
directing the water pressure toward the buttress wall by means” of 
rounded (or polygonal) up-stream face of the buttress plain concrete con- 
struction may be used instead of the reinforced cantilever type proposed by the 
author. At higher elevations the dam where the water pressure is less, 
cantilever type may ‘Tequire less material. the other hand the 


stresses in ‘monolithic buttress and in the. columns. 
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form strength containing the minimum possible amount of material for a 
- given design stress, may be used to ‘to advantage also for dams of the round- ae 
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NOETZLI ON THE BUTTRESSED DAM OF UNIFORM STRENGTH 
with a minimum thickness of the buttress walls of 8 to 
_ enable the dam to be built of mass concrete instead of the thin reinforced con- 7 
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